
. 
0 ' 

I_ .. __ ·] 
USAAVLABS TECHNICAL REPORT 711-740 

STAUY AID COITaL OF HELICOPTERS 
, /.1 SlEEP APPROACHES 0 

VOLUME IV 
DEIVATIYES All IRAISFER FUICDOIS 

/ 

/FOR THE AH·5&A COMPOUND HELICOPTER, 
AND DATA 01 LOI·AJ.liTUDE TURBULENCE REPRESENTATION 

., 0 

o. Jllil1 lelk11ftc• 
11•1 I. 11111111 

., 1171 
EUSDS DIIECTOIATE 

U. S. ARMY AI MOBILITY RESEARCH AID DEYELOPIEIT LABOIATORY 
. f·ORT EUSDS, VIRGiliA 

CONTRAC'l DAAJ02-69·C-0004 

MECHANICS RESEARCH, OINC. 

LOS ANGELES, CALIFORNIA 
0 

Approved for public release; 
distribution unlimited • 

.. ... 

R•produc-.:1 by 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

Sprinllfl•ld, V•o 22151 

1 



Best 
Available 

Copy 



DEPARTMENT OF THE ARMY 
U. •. AMMV Am MOBILITY RKSBAMCH * OBVILOPMINT LABORATORY 

■USTIS DIRtCTOMATB 
POUT BUSTIS, VIROINIA 23004 

The report has been reviewed by the Bust Is Directorate, 
U. S. Army Air Mobility Research and Development Labora- 
tory, end Is Judged to be technically sound. 

The primary effort Is to examine the behavior of rotary- 
wing aircraft In steep approaches, from the standpoint 
of aerodynamics and dynamics, and the resultant effecta 
on human and automatic control. 

The report Is presented In four volumes. Volume I 
marlzes the main results of the study. Volume II des- 
cribes the MOSTAB program. Volume III presents derivatives 
and transfer functions for the YHC-1A tandem-rotor hell- 
copter and the S-58 single-rotor helicopter. Volume IV 
presents derivatives and transfer functions for the AH-56A 
compound helicopter and data on low-altitude turbulence 
representation. 

. 

The program was conducted under the technical management 
of Mr William D. Venn, Aeromechanics Division. 

./ 



DISCLAIMERS 

The finclinas in this report are not to be construe~ as an official 
Depart.ent of the Ar.y position unles1 so desianated by other 
authorized docuaents. 

When Govern.ent draviaas, specifications, or other data are used 
for any purpose other than in connection with a definitely related 
Goven.ent procur•ent operation, the United States Goven.ent 
thereby incurs no responsibility nor any ~bliaation vh tsoever: and 
the fact tiN;~ the GovemMnt uy have fol'IIUl•ted, furnished, or in 
any way supplied the said dravinas, specifications, or other data 
is not to be reaarded by iaplication or otherwise as in any unner 
licensina the holder or any other person or corporation, or con
veyina any riahts or per.ission, to •anufacture, use, or sell any 
patented invention that •ay in any way be related th~reto. 

DISPOSITION INSTRUCTIONS 

Destroy this report when no lonaer needed. Do not return it to · 
the oriainator. 

AGCESS4011 for --------- - - -
CfSTJ WI! 1TE SECTIOI! 

DOC BUfF S£CTIQN 0 
l/IIAII. ~D. 0 
JliSTJFICATiOH ......... .................... .. 

................................................... ... 

BY ........ ... .......•...•. ....•..•....... .......•.•.. 

DiSTRIBOTIOH 'A~'r. ll.\B IUTY Cll!lf! 

-our.-::- I_)~AtL "~ ~r sm _t 

lt ~) 



't 

Project 1Fl62204Al42 
Contract DAAJ02-69-C-0004 

USAAVLABS Technical Report 70-74D 
May 1971 

STABILITY AND CONTROL OF HELICOPTERS IN 
STEEP APPROACHES 

VOLUME IV 

DERIVATIVES AND TRANSFER FUNCTIONS FOR THE AH-S6A C<l-1POUND HELICOPTER, 
AND DATA ON LOW-ALTITUDE TURBULENCE REPRESENTATION 

MRI REPORT NO. 2284-1 

By 

Julian Wolkovitch 
John A. Hoffman 

Prepared by 

~1echanics Research, Inc. 
Los Angeles, California 

for 

EUSTIS DIRECTORATE 
U.S. A~tY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY 

FORT EUSTIS, VIRGINIA 



ABSTRACT 

Derivatives and transfer functions are presented for the 
Lockheed AH-56A helicopter.    The flight conditions considered 
Include airspeeds of from 0 to 100 knots  and descent rates from 
0 to 28.8 tpa.    A critical review Is given of published data on 
low-altitude turbulence. 
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VII. LOCKHEED AH-56A DERIVATIVES AMD TRAMSFER FUMCTIOMS 

IWIL HIHI »HUM I   ug;,»!!^.,,^» 

For brevity, this section   describes only those features of the 
AH-56A derivative and transfer function print-out which differ from the 
corresponding printouts for the S-58 given in Part VI,    It is 
therefore essential  for the reader to at least skim through Part VI 
before reading further. 

Derivatives, residues, eigenvectors, and transfer functions 
«ere calculated for the AH- 56A in the flight conditions indicated below. 
As with the S-58, V.^ is the total airspeed, not the horizontal 
component• 

TkBJE  I AH-56A FLIGHT OONDITICNS; SPEED AND DESCENT RAOE 

VTAS Kn0t8 0     20     40     60     100 
• 

Rate of 9.6    9.6     9.6    9.6    9.6 

Descent 19.2    19.2    19.2    19.2    19.2 

fps 26.8    28.8    26.8    28.8    28.8 

TABLE II AH-56A FLIGHT CONDITIONS; SPEED AND DESCENT ANGLE 

V^ Knots 0     20     40     60      100 

Descent -90   -16.5   -8.05    -5.^1    -3.25 

Angle -90    -33.5   -I6.5    -IO.9    -6.52 

Degrees -90    -58.3   -25.I    -I6.6    -9.81 



This Part presents derivatives for all the above flight 
conditions. In addition,the 26.8-fps vertical descent case and the 
^O-knot case at the same descent rate (7 = - 25.1 degrees) were re-run 
without the cyclic variation of tip losses. Space limitations 
precluded a full presentation of all the transfer functions, residues, 
and eigenvectors for all of these cases • Therefore, only the following 
data are presented here. 

(1) Derivatives for all the above flight conditions 

(2) Transfer function numerators relating u, v, w, p, q, 
and r (measured in stability axes) to all control inputs 
for speeds of 0, 20, ho,  60, and 100 knots in level 
flight and at 28.8 fps rate of descent. The control 
inputs include longitudinal and lateral cyclic pitch, 
main rotor collective pitch, tail rotor collective pitch, 
and collective pitch of the pusher propeller. 

(3) Eigenvalues (transfer function denominator roots) for 
the above flight conditions. Eigenvalues for the 
remaining flight condition, are included in Chapter VIII, 
Table XXII, which compares all the eigenvalues. 

Residues and eigenvectors of particular significance are given in 
Chapter VIII, but none are included in this Part, although all the 
residues were calculated at each flight condition. 

Explanation of tha Print-Out Format 

The print-out format is identical to that of Part VII with 
the following exception : 

The controls are denoted as follows: 

C(l) = 6  = main rotor collective pitch, radians 

C(2)  = B.  = longitudinal cyclic pitch, radians 
I s 

C(,5) = A  = lateral cyclic pitch, radians 

C(^)  = 6 + = tail rotor collective pitch, radians 

C(5) =9  = pusher propeller collective pitch, radians 

The  trimmed iteration column vector, as for the 8-58^ contains 
C(1), C(2), C(5), C(^), 6, and * in that order. 

Note that the conanent of Part VI regarding the root-locus 
gains also applies to the AH-56A data of this Part, 
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STABILITY DERIVATIVE HATRICES" 

Ü V 

X     -.11C9*03 .1309*01 
V     -.1465*01 -.3&66*02 
Z     -.1610*03 -,1139*01 
L     -.1420*03 -.4584*02 
M       .1676*03 -.3230*02 
N     -.1962*03 .5116*03 

X 
Y 
Z 
L 
N 

X 
Y 
z 
L 
1 
N 

U DOT 
-.4000-01 

.2108-01 

.2604-01 

.Z723*01 

.1695*01 
-.1354*01 

C(   1)" 
-.5069*05 
-.1533*04 
-.1074*06 
-.9136*04 

.1839*06 

.6210*05 

V DOT 
.2279-03 
.6736-04 
.4635-03 
.2199-02 
•1010-02 

-.1592-02 

C( 2) 
•.54»»*04 
.1459*05 
.3158*04 
.5989*06 
.2724*06 

•,2901*06 

-.7964*02 
-.1332*01 
-.1824*03 
-.9569*02 
-.8663*02 
•.2264*03 

H DOT 
•.«829-01 
.4606-01 
.5536-01 
.5967*01 
.3695*01 

•,2965*01 

-.1307*03 
-.1392*04 

.7995*02 
-.7471*05 
-.7067*04 

.2466*05 

P DOT 
-.2404*02 
-.1896*01 

,1367*02 
.2448*04 
.1250*04 

-.1198*04 

C(   3) C(   4) 
,1995*05     -.9903*02 
,6296*04 
,9953*04 
.2532*06 

,6863*04 
•1088*02 
.8069*05 

.6766*06     -,i345*04 

.9290*05    -,19J8*06 

a 
.1745*04 

-.1243*03 
-|6143*03 

.9128*04 
-t«79i*05 
-.2201*04 

Q DOT 
.2321*01 

-.3010*02 
-i1962-00 
-.1220*04 
.2986*04 
.5621*03 

C(   9) 
-.8801*04 

.1455-02 

.4171*04 
-i4287*04 

.1301*05 
-.9397*03 

R 
.3392*03 
.1372*04 
,6523*03 
•2901*05 
•9979*04 

-,3236*09 

R DOT 
.1096*02 
.8649-00 

',6229*01 
'.1113*04 
••9699*03 
.9951*03 

THE   INERTIA   TENSOR 

,1899*05 
-•1278-05 
,1642*05 

-.1278-09 
.9000*05 
.6769-06 

.1642*09 
,6769-06 
.4791*09 

TRIMMED  VELOCITIES  WITH RESPECT  TQ  OVERALL  VEHICLE REFERENCE  AXE8- 

" V w p 
.6169*02     -.2794-08       .2814*02     -.0000 

TRIMUED   ITERATION COLUMN  VECTOR,   TE- 

I 
-oooc 

R 
'.0000 

■ 

.1295-00     -.1217-02       ,1142-01        ,^07-01    -fl077-01     -.4171-02 

n^r^^.r^^^r w*--.«^ ä« -^07.02 

HOT RtPRO 
OUCIBU 



• 
. 

DENOMINATOR CHARACTERISTIC 
ROOTS ■/ 

REAL IMAGINARY 
PART PART 

-.6279-01 .0000 
-.9903*01 ,0000 
-,1894*01 ,0000 
-,40S7-0l ,2621*00 
-,40B7-01 -,2621-00 
•,232«-00 .7577-00 
-.2320-00 -,7577-00 
-♦5257-00 .0000 
.0000 .0000 
.0000 • .0000 
,0000 ,0000 
.0000 ,0000 

• 

s 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS THAN 1.0E-7 
LARGEST NUMERATOR ROOT ARE NOT INCLUDED 

TIMES THE 
IN THE BODF GAIN), 

X( 1)-T0-C< 1) NUMERATOR 

ROOT LOCUS GAIN"  ,1043*03 

BODE GAIN *  -.1031*04 

ROOTS 

REAL IMAGINARY 
PART PART 

.3151-07 .0000 
,9V25*Ü1 .0000 
.2481-00 ,8153-00 
.2481-00 -.3153-OC 
.4914-00 .6966-00 
,4914-00 -.6966-00 
,7523-30 .0000 
,6864-01 .0000 
.oooc .0000 
.0000 .0000 
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X(   ?)-Tr-c(   i)   h.UMtMATO^ 

HOOT  LOCÜb  GAR.« • .34D3*'.I1 

BODE   CAIN   «        .fJl.M ♦C? 

ROOTS 

HEAL IMAGINARV 
PART PART 

,8V6S.-02 .0000 
-,5Ö41*Q2 .0000 
-.7181-00 .TÜOO 
-,6b9n-01 .319«)-Ü0 

.• 

. 

-.6s»frü-ai -.31V5-0? 
-.2ft21*01 .l»2l*01 
-,2621+01 -.ib2l*01 

.0000 .0000 
-.SO-ü-Dö .ocon 

.OüCO .0000                                                                           „.r 

ATOR X(   3)-TO-C(   1)   MUMEH 

HOOT LOCUS  GAIN»       ,2219*03 

BODE  GAIN  s       ,4364*03 

ROOTS 

REAL i^ACi\ARy 
PART PART 

.9*40-01 .rjooo 

.9972*01 .octftj 

.21^1-00 .U00Q 1 

,23CO-00 *       .7472-OC ! 

.23Pr-QC -.747ü-ün 

.9!>3i>-00 .OUOri • 
,44!»4-00 .oooio 
.l73!>-0/ ,00130 
.CC'jrj .'•OCC 
.ooric .nuoo 

- 

■■I 
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X( 4)-T0»C< 1) NUMERATOR 

ROOT LOCUS GAIN«   .3979*01 

BODE GAIN «  .1^87-04 

ROOTS 

* 

■' 

REAL 
PART 

.3666-0» 
«.1268*01 
-,6900-00 
-.2692-00 
-.2692-00 
.2260*01 

-.6182-01 
-.6182-01 
.0000 
.0000 

IMAGINARY 
PART 

• 0000 
.0000 
.00.00 
.1993*00 

-.1593-00 
.0000 
.3844-00 

-.3844-00 
.0000 
.0000 

X( 5)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN« -.3750*01 

BODE GAIN « -i4292-01 

ROOTS 

■ 

■ • 

• 

. T - ■ 

i 

■ 

REAL 
PART 

.1342-01 
'.1062*02 
.2492-00 
•.2492-00 
.5212-00 
.7422-01 
.7422-01 
.0000 
.1341-06 
.5402-07 

IMAGINARY 
PART 

.0000 
«0000 
.7604-00 

-.7604-00 
.0000 
.3231-01 

-.3231-01 
.0000 
.0000 
,0000 



X( 6)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«  -.2H79*0l 

BODE GAIN * 

ROOTS 

.7001-05 

REAL 
PART 

,7585-06 
.1190*00 
,1190*00 
,5699-01 
,5699-01 
.2290*01 
.2290*01 
,7243-00 
.0000 
.0000 

IMAGINARY 
PART 

.0000 

.2957-00 
-.2957-00 
.3391-00 

-.3391-00 
.2200*01 

-.2200*01 
.0000 
,0000 
,0000 

X( 1)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN»   ,1548*02 

BODE CAIN ■  -.1284*04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2089-06 .0000 
-.3325-00 .0000 
-.iri3*00 .0000 
-.ll'29-00 .7536-00 
-.lt>29-00 -.7536-00 
-,8066*01 .0000 
-,1U35*01 .3581*01 
-.1C35*01 -.3501*01 
.0000 .0000 
.0000 .0000 

.M 



X(   ?)-To-C{   2)   MUNF.MATCi- 

ROOT  LOCI'S  GAIN«     -.a^Zn+Oa 

BODF  GAIN   s        ,276Ö4.C4 

ROOTS 

REAL 
PART 

-.2403-01 
-.2403-01 
•.2i>26-00 
•.7362*02 
,2.tH0*0l 
,83B6-00 
.8386-00 
.0000 
.0000 
.0000 

■ 

IMAGINARY 
PA«T 

.2b^-on 
•.2^22-OP 

.otwo 
•fiuoa 
.ouno 
.5461-00 1 

-.b46i-0Cl 
.ounc -. 
.0003 
.CüüD .. 

Xt   3)-T0-C(   2)   MUMERATOR 

ROOT  LOCUS   GAIN«     -.3901*01 

BODE  GAIM  »        .1433*04 

ROOTS 

WEA', 
PAR" 

•.1210*00 
■.60b5*02 
•.5025*01 
'.1952-00 
.1952-00 

•.2084-00 
.2ö,*4-00 
.0000 
,0000 
.oa^o 

IMAGINARY 
PAUT 

.ccoo 

.OUJC 

.0000 

.70d»-QC 
-,768d-0fl 

.3600-00 
-.3600-0? 

.OiiOO 
»nooc 
.ouno 

■ ;   >X 

AV »^ 

ä^ 
*« 
^ 

8 
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X{ 4)-T0-C( 2) NUMEKATC'-; 

«DOT LOCUS GAIN«  -.69b2+02 

BODF GAIf, »   ,2*01*07 

ROOTS 

RFAL 
PART 

-.41)63-01 
-.4bfc3-01 
-.2110-00 
-.b41H-00 
-.iy<2*oi 
-.lllP+OO 
-.1110*00 
.0000 
.occo 
.0000 

IMAGINARY , 
PART 

' .275!3-Cin 

-.2753.0,-) 
.ocoo 
.cooo 

* 
• 

■ 

.nooc 
,7273-OC 

-.7276-00 
.0000 
,cooc 

■ 

.0Q0C ■i 

X( 5)-T0-C{ 2) NUOERA'.OP        ^ 

ROOT LOCUS GAIN«  -.8042*0l 

#*** 
^ 

,\B^ 

BODt GAIN «  -,2358-00 

ROOTS 

REAL 
PART 

.3765-01 
-.9270-01 
•.9i?/0-01 
•,53t4*01 
'.2016-00 
'.2016-00 
■.5359-OC 
.1118-0/ 
.coco 
.74bl-0b 

.- 

IMAGINARY 
PART 

.OOOC 

.5926-01 
-.5926-01 
.cuo: 
,75*V-0C 

-.7549-00 
• OuOC 
.CDOC 
.fjOOC 
.DOOC 

- 



X( 6)-T0-C( 2) r'^'MERATOR 

ROOT LOCUS GAIN«   ,3227*02 

BODE GAIN «   .1176-04 

ROOTS 

REAL IMAGINARY 
PART PART 

.2297-06 .0000 
-.2077*01 ,0000 
-.5749-00 ,8193-00 
-.5749-00 -,8193-00 
-.4092-01 .2692-00 
-.4092-01 -.2692-00 

.6603-00 .0000 
-.4262-00 .0000 
.0000 .0000 
.0000 ,0000 

' 

X(   1)-T0-C(   3)   NUMERATOR 

ROOT LOCUS GAIN«     -,3927*02 

BODE  GAIN  *        .2684*04 

ROOTS 

REAL 
PART 

-.7622-07 
-.3300-00 
-.6035-01 
-.1020*02 
-.1901-00 
-.1901-00 
-.2335-00 
-.2335-00 

.0000 

.5059-07 

IMAGINARY 
PART 

.0000 

.0000 

.0000 

.0000 

.3679*01 
-.3879*01 

.7461-00 
-.7461-00 

.0000 

.0000 

10 



vmmvmr'W 

X<   2)-T0-C(   3)  NUMERATOR 

ROOT LOCUS GAIN«     -.1369*02 

BODE  GAIN  «        .4674*03 

ROOTS 

REAL IMAGINARY 
PART PART 

,3932-08 .0000 
-.6696*02 .0000 
-.4072-01 .1017*00 
-.4872-01 -.1017*00 

• 
■ ■ 

• 
■ 

.1793-00 .4451-00 

.1793-00 -.449l-'00 • 

-.1773*01 .l242*01 - 

-.1773*01 -.1242*01 
.0000 .0000 
.0000 ,0000 ■ 

X(  3>-T0-C(   3)   NUMERATOR 

ROOT LOCUS  GAIN«     -.2160*02 

BODE CAIN •    -.2482*04 

ROOTS 

■ 

REAL IMAGINARY 
PART PART 

.5917-01 .0000 

.4217*02 .0000 

.2300-00 .7480-00 ■ 

♦2300-00 -.7480-00 
.10794.02 .0000 
.2166-00 .3t>03-00 , 

.2166-00 -.3603-00 

.1482-09 .0000 ■ 

.0000 ,0000 . 

,0000 .0000 

n 

x 



I 

I 

X( 4)-T0-C< 3) NUMERATOR 

ROOT LOCUS GAIN»  -.3087+Ü2 

BODE GAIN *        .4101+01 

ROOTS 

■ 

REAL 
PART 

.5423-02 
,5423-02 

-.3261-00 
-.3261-00 
-.6947-01 
-.6947-01 
-.1516*01 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

.1539-00 
-.1539-00 
.4163-01 

-.4163-01 
,9575-00 

-.9575-00 
.0000 
.0000 
,0000 
.0000 

• 

XC 5)*T0-C< 3) NUMERATOR 

ROOT LOCUS CAIN"  .1340+02 

BODE CAIN « -.4027-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.1334-01 .0000 

.2171-01 .0000 

.1121+02 .CÜUO 

.2336-00 .7504-on 

.2336-00 -.7504-00 

.5362-00 .nuoo 

.7655-01 .0000 

.1716-06 .0000 
,4040-09 ,0000 
.0000 ,0000 

12 

i ■ 



X( 6)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN«   ,13/3*02 

BODE GAIN *   ,6741+01 

ROOTS 

REAL 
PART 

-,1432-02 
-.1432-02 
'.1309-00 
'.1309-00 
,1418*01 
,1418*01 
,1023*01 
.1863-08 
.0000 
.0000 

IMAGINARY 
PART 

.1610-00 
-.1610-00 
,4115-00 

-.4119-00 
.1229*01 

-.1229*01 
.0000 
.0000 
.0000 
.0000 

• 

XC 1>-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .2440-00 

BODE CAIN »   .9822*02 

ROOTS 

HEAL 
PART 

-.1153-06 
-.9699*01 
-.9699*01 
-.2666*01 
-.2007-00 
.1938*01 

-.1286-00 
-.1286-00 
.4657-09 
.0000 

; 

• 

IMAGIKARY 
PART 

.0000 
,3366*01 

-.3368*01 
.0000 
.0000 
.ouoo 
,2356-00 

-.2356-00 
.0000 
.0000 

^3 



• 

X< 2)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«  -.1416*02 

■ 

BODE GAIN «   ,2053- ►02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3279-02 .0000 
-.1894*02 .0000 
-.8761*0l .0000 
-,ldfl7*0l .0000 
-.5451-00 ,0000 
-.4128-01 .2630-00 
-.4128-01 -.2630-00 
.0000 .0000 
.0000 .0000 
.0000 .0000 

X( 3)-T0-C< 4) NUMERATOR 

ROOT LOCUS CAIN»  -.4491-01 

BODE CAIN *  -.12634-03 

ROOTS 

REAL IMAGINARY 
PART PART 

.2197-07 .0000 

.1357*03 .0000 

.1904-00 .4257-00 

.1904-00 • -.4257-00 

.1049*00 .2335-00 

.10*9*00 -.2335-00 

.1381*02 .0000 

.2H83*01 .0000 

.0000 .0000 
,0000 .0000 

. 

■ 

. 

Ik 



X( 4)-T0-C< 4) NUMERATOR 

ROOT LOCUS CAIN»   .9095-00 

BODE GAIN «  -.3084*01 

ROOTS 

REAL 
PART 

-.4112-01 
-,4112-01 
-.2441-00 
-.2441-00 
-.1711*02 
-.IW'-Ol 
-.5369-00 
,0U00 
,0000 
.0000 

IMAGINARY 
PART 

.2642-00 
-.2642-00 
.1*37-00 

-.1637-00 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

X< 5>-T0-C< 4) NUMERATOR 

ROOT LOCUS GAIN«   .7414-02 

BOOE GAIN •   .3613-01 

ROOTS 

REAL IMAGINARY 
PART PART 

,8734-06 .0000 
-f8473*02 .0000 
'.3656*01 .0000 
-.5503-00 .0000 
-.1274-00 .2112-00 
-.1274-00 -.2112-00 
-.1783-00 .0000 
.721B-01 .0000 
.8566-07 .0000 
.0000 .0000 

15 

./ 



■ 

X( 6)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .3744*01 

BODE GAIN «  -.«277*01 

ROOTS 

REAL 
PART 

.4374-01 

.4374-01 

.7661-02 

.7661-02 

.9143*01 

.1866*01 

IMAGINARY 
PART 

.2642-00 
-,2642-00 
.2997-00 

-.2997-00 
.0000 
.0000 

.5490-00 

.7477-10 

.9691-06 

.0000 

.0000 

.0000 

.0000 

.0000 

X( 1>-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«   .1814*02 

BODE GAIN «  -.5021+02 

ROOTS 

■ 

REAL 
PART 

.6b27-07 
-.9916*01 
-.1736-00 
-.5800-01 
-.1057*01 
-.1057*01 
-.2355-00 
-.2355-00 
.0000 
.0000 

IMAGINARY 
PA«T 

.0030 

.on oo 

.OÜÜO 
,OOGC 
.3124-00 

-.3124-00 
,7542-00 

-.754^-00 
.0000 
.0000 

16 



m 

X( ?>-TO-C( b) NUMERATOR 

ROOT LOCUi GAIN«   .1443-01 

BODE CAIN «  -.2710*01 

ROOTS 

REAL IMAGINARY 
PART PART . 

.1791-06 .0000 
-.564Ö4-03 .ouoo 
-.1143*01 ,1119*01 
-.1143*01 -.1119*01 

. 

■ 

' 

.4429-01 .0000 

.1649*01 .0000 

.3395-00 .0000 

.1387-00 .0000 

.0000 .0000 

.0000 ,0000 

' 
X( 3)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«  -.8595*01 

BODE GAIN ■   .4826*02 

ROOTS 

«FAL 
PART 

-.5703-01 
-.9b96*01 
-.4776*01 
-.2299-00 
•.2299-00 
-.2210-00 
-.2210-00 
.0000 
.0000 
.QQOO 

IMAGINARY 
PART 

.0000 
,0000 
.0000 
,7564-00 

-,7564-00 
.2128-00 

-.2128-00 
.0000 
.0000 
.0000 

17 



• 

MC 4)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN»   .4331-00 

BODE GAIN ■  -.7678-01 

ROOTS 

REAL 
PART 

-.71)91-07 
-.3223-00 
-.3223-00 
.1312-00 
.1312-00 

-.2711-00 
-.2711-00 
-.1308*01 
.0000 
,0000 

IMAGINARY 
PART 

.0000 
,1083*00 

-.1083*00 
,1089*00 

-,1089*00 
,1015*01 

-.1015*01 
,0000 
,0000 
,0000 

X( 5)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN»  -,2635-00 

BODE CAIN »  ,7^36-03 

MOOTS 

REAL IMAGINARY 
PART PART 

.1449-02 ,0000 

.1082*02 ,0000 

.2299-00 ,7535-00 

.2299-00 -.7!>35-00 

.5328-00 .0000 

.2329-00 ,0000 
,6488-01 ,0000 
,1441-08 ,0000 
,2104-06 .OUOO 
,3592-07 ,0000 

■ 

■ 

18 



mtmm 

■ 

II *)»rO-C( 9) NUMERATOR 

ROOT LOCUS CAIN» -.1457-00 

BODE CAIN • -.1636-00 

ROOTS 
i 

REAL IMAGINARY 
PART PART 

.1374-00 
«1374-00 

.1124*00 
-•1124*00 

,7308-01 •4040-00 
,7308-01 -,4040-00 
.2997*01 ,0000 
,9940-00 .9713-00 
.9940-00 •*9713-00 
,0000 • 0000. • 

,0000 • 0000 
• 0000 • 0000 

. i 
. • 

•. 

•" 

19 



LOCKHEED   AM9«A  HELICOPTER       JUNE   K;   1971       MQSTAB-B  DERIVATIVES 
CASE   2     SPEED"  2Sil FT/SEC,     H.OOTB-2R.»  ^T/SECi     CAHMA«-9a.O  DEC, 
CROSS  WELCMT»l»»00.     SEA  LLVEL.   OYMA-iIC   TfO LOSS   <VFS) 

•TARILITV  OEPIVATWE  MATRICIS« 

■ 

J 

X -.7Si3*02 .9704*01 •.5l5»8*01 .mi»n4 -.6809*02 -.1735*03 
Y .21*29*01 -.2100*02 .3974*C!i .4361*03 -.1948*03 ,1632*04 
Z -,2626*01 -.25b6*01 -.:)706*01 .9236*02 -.1664*04 -,4034*03 
L -,2280*03 .3516*03 -.3961*02 -.1227*39 -.4963*04 -,1849*04 
M -.1201*03 -.5593*02 -.5100*03 ,5707*34 -.8992*05 ,1075*03 
lol -.2371*02 .3998*03 -.1163*02 -.1298*04 -.1159*05 -,8690*09 

U  OOT V DOT W POT P DOT Q DOT R DOT 
X -.1073-03 .2261-04 .4161-05 .3059-01 ,4676-00 ,9090-01 
Y -.1036-01 -.3476-03 -.5900-04 .1279*01 -.2987*02 -,4791-00 
Z .1663-01 -.1419-03 -.2919-03 -.4234-00 .5322-00 -.2588*02 
L .3891-03 .53;;-02 .2727-02 .1549*02 -.1137*03 .1382*03 
H .1163*00 ,6497-02 -.1977-02 -.1668*03 .2938*04 -.1425*04 
N «1182*00 .3169-02 -.2009-03 -.1^06*02 .1430*04 ,2952*04 

C(   1) C(   2) C(   3) C(   4) C(   5) 
X -.1126*06 -.9360*03 -.1971*03 -.5796*03 .1232*03 
Y -.iS95*04 .1826*09 .5659*04 .8039*34 .4163*01 
Z ,4081*03 .9621*04 -.1831*05 •1237*32 .5086*04 
L .2347*06 -.2937*09 .2556*05 -.2429*06 -.2994*04 
M -.7336*04 .2740*06 -.6723*06 -.2t67*09 .9926*04 
N -,»486*04 -.6730*06 -.2749*06 -.3890*04 .1192*03 

THE INERTIA TENSOR 
.9497*05   .2437*03 -.7611*03 
.2437*03   .5001*09 -.3728*02 

-.7611*03 -.3728*02   ,1151*05 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE AXES- 

-.5040-00  -.1409*01 
W P 

.2876*02 -.0000 
0 

0000 
R 

-.0000 

TRIMMED   ITERATION COLUMN VECTOR.   TE- 

,2135-00       .8894-03     -.7529-02       .1343-00        .1750-01     -.4895-01 

STABILITY   AXIS  SYSTEM  EULER   AN&LES-       THETA»     .1572*01       PHI     .0000 
AIRCRAFT   T'ERTIAL SPEED«     .2««0*0? 

20 



DENOMINATOR CHARACTERISTIC 
ROOTS 

REAL IHACINARY 
PART PART 

-.8006-01 .3619-00 
-.6006-01 -.3619-00 
-.3*25-01 ,4387-00 
-.3925-01 -.4387-00 
-.1805-00 ,9069*01 
-.1805-00 -.9069-01 
-.9824+01 .0000 
-.1905*01 .0000 
.1490-07 ,0000 
,0000 .0000 
.0000 .0000 
.ooor .0000 

' 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS THAN 1.0E-7 TIMES THE 
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE tOOE GAIN). 

X( 1)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN"  .2328*03 

BODE GAIN •  -.9600*03 

ROOTS 

■     ' 

- 

■ 

. 

REAL 
PART 

.1699-00 
,9823*01 
,1905*01 
.3698-01 
,3698-01 
.8356-01 
.8356-01 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

,0000 
.0000 
.0000 
.4405*00 

-.4405-00 
.3624-00 

-.3624-00 
.0000 
,0000 
,0000 

■ 

■ 

21 
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X(   2)-T0-C(   X)  NUMERATOR 

ROOT LOCUS  GAIN«       .Ilb2*n2 

BODE  GAIN  «       .2197>»'03 

ROOTS 

REAL 
PART 

.7696-06 
-.9177*01 
-,2010*01 
-.3622-00 

.3622-00 

.1173-01 

.•173-01 

.6822*00 

.0000 

.0000 

IMAGINARY 
PART 

.0000 

.0000 

.oouc 

.1236+00 

-.1236+00 
.4515-00 

-.4515-00 
.0000 
.0000 
.0000 

KC   3>-T0-C(   1)  NUHERATOR 

ROOT LOCUS  GAIN"     -.8468-00 

BODE  GAIN  *       .6502+03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.7557-01 .3741-00 
-.7557-01 -.3741-00 
-.2597-00 .0000 
-.1233+01 .0000 
-.1022+02 .0000 
.1342+01 ,556b+ül 
.1342+01 -.5b6b*0l 
.0000 .OUOO 
,0000 .0000 
.0000 .OUOO 

22 



! 

X« 4>-T0-C( 1) NUMERATOR • 

ROOT LOCUS GAIN«  -.4267*01 

BODE GAIN «   .4136402 

ROOTS 

REAL 
PART 

-.7722-01 
'.7722-01 
•.2714-01 
.2714-01 
•,9839*01 
'.1918*01 
.3648-00 
.4478-06 
.2611-08 
.3/25-08 

IMAGINARY 
PART 

.3831.00 
-.3851-00 
.4302-00 

-.4302-00 
,0000 
.0000 
.0000 
.0000 
.0000 
.0000 

- 

*i   5)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«  .1869-00 

BODE GAIN ■   .1040-03 

ROOTS 

REAL 
PART 

.1876-03 
,1876-03 
".1042*02 
•,2585-00 
.5460*01 
•.7498-01 
•.7498-01 
,1132-06 
•.3992-08 
.9779-06 

IMAGINARY 
PART 

.226l«02 
-.2281-02 

• 0000 
,0000 
,0000 
.3741-00 

-.3741-00 
.0000 
.0000 
.0000 

23 
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-. ~ 

X( «}-TO-C( 1) NUMERATOR 

ROOT LOCUS GAIN'   .3062-00 

BODE CAIN ■  -.6456-0« 

ROOTS 

■ 

REAL IMAGINARY 
PART PART 

.1432-03 ,0000 
-.9392-00 ,2705*01 
-.9392-00 -.2705*01 
-.8576-01 .4519-00 
-.8576-01 -.4519-00 
-.3684-00 .0000 
,4689-01 .0000 

-.8149-08 .0000 
.5588-08 .0000 

-.6802-00 .0000 

, 

" 

■ 

XC l)-TO-C( 2) NUMERATOR 

ROOT LOCUS CAIN"  ,1113*01 

BODE CAIN •   .7291*03 

•x 

R00T3 

REAL IMAGINARY 
PART PART 

-.4130-01 .4320-00 
-..4130-01 -.4320-00 
-.6524-00 .cooo 
.1326*02 .0000 

-.1075*01 .1729*01 
-.1075*01 -.1729*01 
-.1973*01 .0000 
.0000 ,0000 
,0000 .0000 
.0000 .0000 

2lf 



f 
X( 2)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN« - .3733*02 

BODE CAIN «   .1948 *04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1900-00 .8143-01 
-.1900-00 -.8143*01 
-.6145^02 .0000 ■ 

-.1943*01 .0000 
-.1099*01 .0000 
-.3600-01 .4356-00 
-.3608-01 -.4356-00 
.0000 ,0000 • 

.0000 ,0000 

.0000 ,0000 
• 

X( 3)-T0-C( 2) NUMERATOR 
• 

ROOT LOCUS GAIN«  -,1575*02 

BODE CAIN •   ,583 13*03 
• 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1257-00 .0000 
-.2164*02 .0000 
-.3480*01 .0000 
•.1076*01 ,0000 
.1490-01 .453.0-00 
.1490-01 -.4510-00 

-.3602-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 • • 

25 
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X(   4)-T0-C(   2)   MUMERATOn 

ROOT  LOCUS   GAIN«        ,lß!>4*Ol 

BODE  GAIN   »        ,3b75+0^ 

ROOTS 

REAL 
PART 

-.1411-00 
-.2642*01 
-.2642*01 
-.916l'-00 

.2430*01 
-.3B42-01 
-.3B42-01 
-.1315-06 

.6977-0» 

.0000 

IMAGINAKV 

MAKT 
.Q0ÜQ 
,33i»7»on 

-,3357-on 
.0000 
.OÜOC 

•.4352'Oa 
.0000 
.0000 
.OÜOC 

X(   5)-T0-C(   2)   NUMERATOR 

ROOT  LOCUS   GAIN«     -.8119*01 

BODE  CAIN  «        .9711-04 

ROOTS 

' 

■■ 

vtf 
^ «»' 

.tf> 
^v ̂

 

A 

• 

REAL If-ACIKAKY 
PART PART 

.4933-03 .0300 

.4944*01 .0000 

.1444-01 .4bi>5-nn 

.1444-01 -.4b&5-ü^ 

.3S>25-0C ,0000 

.1214*00 .0000 

.1123-01 ,000c 

.6634-07 ,0000 

.3!>bl-0H ,0000 

.1164-Ob .Cl'UQ 

26 



y     m 

! 

X(   6)-T0-C(   2)   MJMEHATOR 

ROOT  LOC'J5   PAI^«        .774i*0i? 

BOür   GAIN  «     -.6fJ*»«-C;4 

ROOTS 

«EAL IMACINARY 
PA«T PART 

-.3056-03 .OOUO 
-.iv7n*oi .0ÜQ0 
-.3b06-01 .4359-00 
-.3806-01 -.4359-00 
-.lV85)-00 .7020-01 
-.1985-00 -.7020-01 

-.lhü2-02 .0000 
.4700-0« .nooo 
.0000 .0000 
.0000 .0000 

NOT REPRODUCIBLE 

¥(   1)-T0-C(   3)  NUMERATOR 

ROOT  LOCUS  CAIN«        .4261-00 

BODE   CAIN  =       .3305^-03 

ROOTS 

REAL 
PART 

.1316-05 

.2005+02 

.344 0-Jl 

.3440-01 
•.6137-00 
.6017-00 
,26()6*01 
.2ö86*01 
.onoQ 
.0000 

• ■ 

IMACINARY 
■ 

PART 
.0000 
.nooo 
.3/7i;-03 

-.3778-00 
.3595-0r 

-.3595-00 
.6V59-0T 

-.6959-?^ 
.0Ü00 
.0Ü00 

27 
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X( 2)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN« -,1242*02 

BODE GAIN >   .4052*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.3213*06 «0000 
-,8022*02 .0000 
-.1!>78*01 .00*00 
-.8716-00 .0000 

I 

• 

•.1967-00 
-.1967-00 
.5821-02 
.9821-02 
.0000 
,0000 

.73*7-01 
-.7347-01 
.4042-00 

-.4042-00 
.0000 
.0000 

X( 3)-T0-C( 3) NUMERATOR 

HOOT LOCUS CAIN"  .3597*02 

BODE GAIN >  -.1297*04 

ROOTS 

REAL IMAGINARY 
PART PART 

.9549-01 .3574-00 

.9549-01 -.3974*00 

.1680-00 .1078*00 

.1680-00 -.1078*00 

.9B55*01 .4086*01 
,9b55*01 -.4086*01 
,1182*01 ,0000 
.0000 .0000 
.0000 ,0000 
.0000 .0000 

28 



X( 4>-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN»   ,1150-01 

BOOE GAIN >   .1361*02 

ROOTS 

REAL IMAGINARY 
PART PART 

•.1314-00 ,0000 
,7179*03 .0000 

-,3065-00 ,6296*00 
-,3869-00 -.6296-00 
-,30lU0l .0000 
-,7549-02 .3»39*00 
-,7549-02 -,3939-00 
-,9960-07 ,0000 
,0000 ,0000 
,0000 ,0000 

M 

I 

■ 

X(   5)-T0-C(  3)  NUMERATOR 

ROOT LOCUS GAIN*       ,1327^02 

•ODE GAIN "       .3»4i«04 

ROOTS 

• 

• 

REAL IMAGINARY 
PART PART 

,1201-07 ,0000 
,3898-06 ,0000 
,1130*02 ,0000 
.9573-01 ,3583-00 
.9573-01 -,3983-00 
.1667-00 .1065*00 
.1687-00 -,1065>00 
.1279-01 ,0000 
.6880-04 ,0000 
.4697-09 ,0000 

29 
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: AC •>-TO-C( 3) NUMERATOR 

ROOT LOCUS CAIN«   .3440*0? 

BODE CAIN «  -.2l?7-04 

ROOTS 

REAL 
PART 

".2268-03 
-.1199*01 
-.2117-00 
-.2117-00 
.5897-02 
,9897-02 

-.9916-02 
.0000 
.0000 
.0000 

IMACI.MAHY 
PART 

.nooo 

.0000 

.4451-01 
-.4«5l-01 
.4009-00 

-.4069-00 
.ooon 
.OÜOü 
.0000 
.0000 

• 

- 

KC   1>-T0-C<   4) NUMERATOR 
■■■-    •   ■ 

ROOT LOCUS CAIN*       .1169*01 

BODE  CAIN >    -.2437*03 
>«l . 

' 

ROOTS 

REAL ' IMAGINARY 
PART PART 

'■ 

-.7443-01 .3Ö83-0C 
-.7443-01 -.3bB3-0n 
-.1586-01 .4303-00 
-.1586-01 -.4303-00 
-.8637*01 .1000*01 
-,8637*01 -.1000*01 
-.1904*01 .0000 
.0000 .0000 
.0000 .0000 
.onoo .cooo 

30 



m 

X( ?)-TO-C( 4) NUMERATOR 
1 

ROOT LOCUS GAIN«  -.1660*02 

BODE CAIN >  -.9462*02 

ROOTS 

REAL 
PART 

-.2082-06 
-,1130*02 
-.1696*01 
-.1621-00 
-.3990-00 
-.5666-01 
-.5866-01 
.4420-00 
,0000 
.0000 

SC*8*VJS- 

IMAGINARY  ' 
PART 

• 0000 
.0000 
.0000 
.0000 
.0000 
.4312-00 

-.4312-00 
• 0000 
• 0000 
.0000 

X( 3)-T0-C< 4) NUMERATOR 

ROOT LOCUS GAIN«  -,7713-OX 

BODE GAIN >  -.1704*03 

ROOTS 

REAL 
PART 

-.1189*00 
.1409*03 

-.6178-01 
-.61/8-01 
• .1189*02 
-.1!>92*01 
-.IÜ46*01 

.0000 

.00t?0 

.0030 

IMAGINARY 
PART 

.0000 
• oooo 
,3726-00 

-.3726-00 
,0000 

o^^ • ,0000 
.ooou 
.0000 
.0000 
.0000 

- 

31 



• 

X< 4)-T0-C( 4) NUMERATOR 

ROOT LOCUS CAIN» .4432*01 

BODE 6AIN • -.1748< *02 

ROOTS 

REAL IMAGINARY 
PART • PART 

-,9075-06 ' ,0000 
,5410-08 ,0000 

-t977e*01 ,0000 
-.1903*01 ,0000 
-.3032-01 •4355-00 
•,3032*01 -.4355-00 
-,6536-01 .3Ö06-00 
-,6536-01 -,3806*00 
-.1518-00 ,0000 
,0000 »0000 

X( 5)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN*   .3951-00 

BODE GAIN • -.4397-04 

ROOTS 

REAL IMAGINARY 
PART PART 

-,7856-03 .0000 
-.1152*02 ,0000 
-,1448*01 ,0000 
-.61*4-01 .3722-00 
-.6114-01 -.3722-00 
-.1105*00 .0000 
-.1099-01 ,0000 
.8601-09 ,7139-08 
.8601-09 -,7139-08 

-.1624-06 .0000 

' 

- 



*{   6)-T0-C(   4)   NUMERATOR 

ROOT  LOCUS  CAIN»        ,9024-00 

BODE CAIN  *       .2731-04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3602-03 .0000 
.2100*01 .0000 
-.1736-01 .0000 
-,1368-00 «0000 
'.ie06*0l .0000 
..6018-01 .4315-00 

-••" ■ 

■ 

.6018-01 -.4315-00 

.8212-06 .0000 

.3725-08 .0000 

.5052-08 .0000 

X(   1)-T0-C(   5)  NUMERATOR 

ROOT LOCUS GAIN"    -.2544-00 

•ODE CAIN  •     -.1372^01 

ROOTS 

REAL IMAGINARY 
PART PART 

.2262-06 .0000 

.9758'»'01 .0000 

.1923*01 .0000 

.1133*00 .3265-00 

.1133*00 -.3265-00 

.6167-00 .0000 

.2236-01 .2009-00 

.2236-01 -^809-00 

.2171-07 .0000 

.0000 .0000 
33 



I 

X(   2)-T0-C(   5)   NUME«ATO« 

ROOT   LOCUS  GAIN«     -.2185'02 

BODE   GAIN  ■       .8633-00 

ROOTS 

REAL 
PART 

,3055-05 
,33084-03 
.9341401 
.U27+00 

IMAGIKARY 
PART 

.C000 

.0000 

.oocc 

.652Ö-Ü1 

• 

■ 

.1127*00 -.6528-01 

.1373*0l ,0000 

.1791-00 .2849-00 

.1791-00 -.2849-00 

.0000 .0000 
,0000 ,0000 

X< 3)-T0-C( 9) NUMERATOR 

ROOT LOCUS GAIN«  -.1050*02 

BODE GAIN « 

ROOTS 

.8973*01 

REAL 
PART 

•.1450-00 
'.1450-00 
•.2477-00 
.8387-01 
.8387-01 
.9612*01 
.2076*01 
.3632-07 
,0000 
.0000 

IMAGINARV 

PART 
.5824-01 

-.5b24.oi 
.oooc 
,3664-00 

-.3664-D'J 
.0000 
.OOOL 
.Oünr 
.Ü20J 
,0000 

• i 

34 



X(   4)-T0-C(   b)   NUMERATOR 

.4747-,J ROOT LOCUS  r.Al\« 

BODF  GMiJ   ■     -.1072-00 

ROOTS 

KfcAL 
PART 

-.1462-00 
-.1492-00 

.2266-01 
,2266-01 

-.1010*02 
-.2138*01 
-.1780-00 

.0000 

.0000 

.0000 

IMAGINARY 
PART 

.3894-00 
-.3894-00 

.3462-00 
-.3462-00 

.0000 

.0000 

.0000 

.0000 
,ooon 
*CüUO 

- 

X(   5^Tü-C(   5)   NUMERATOR 

ROOT  LOCUS  GAIN«     -.1170*00 

BODE  GAIN   •       .3201-00 

ROOTS 

REAL 
PART 

.3678-06 
-.1010*02 

.0000 
,1007*01 

-.8313-01 
-.8313-01 
-.1758-00 
-.1758-00 

.1081-08 

.7178-0« 

IMAGINARY 
PART    • 

.0000 

.0000 

.0000 

.0000 

.3649-00 
-.3649-00 

,9057-01 
-.9057-01 

,0000 
.CCOC 

35 



Xf 6)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN"  -.2966-01 

BODE CAIN ■   .2924-06 

ROOTS 

REAL 
PART 

.6266-04 

.8683*01 
-.2087-00 
-.2087-00 
-.5160-02 
-.5160-02 
-.1630-00 
-.9003-08 
,3260-06 
.2971-08 

IMAGINARY 
PART 

.0000 

.0000 

.3069-00 
•♦3069-00 
.1276-00 

-.1276-00 
.0000 
.0000 
.0000 
.0000 

36 



LOCKHEED  AH»tA  HELICOPTFR      JUNE  10  lf70       MOSTAB*B DERIVATIVES 
CASE f    SPEED»     0.0  PT/SEC.     M.DOT«    0.0 PT/SEC.     GAMMA«     0.0  0«i. 
GROU WiI6HT«lS600.     SEA  LE'EL.  OYNAHtC  TI» LOSS  (YES) 

i 

8TABILITV DERIVATIVE  "ÄTRICFS- 

X 
Y 
Z 
L 
H 
N 

X 
V 
z 
L 
M 
N 

X 
Y 
Z 
L 
n 
H 

u 
•,N72*01 
•.12«6*01 
>t9492*01 
*iMll«02 
,47lf*03 

••««10*01 

U DOT 
*.»022-03 
•,9ft9-04 
.1904-02 
.9433*02 
,7970-02 

•,1131-02 

C(   1) 
•.4903*03 
•«2294*03 
••1114*06 
•2999*04 

••1939*09 
•2991*06 

V 
.1497*01 

•.2319402 
.9622-01 

••4463*03 
••9290*02 
•3419*03 

V DOT 
••1699-03 
•7061-04 
•1420-02 
.9390-02 
.1109*09 
•.1099-03 

C( 2) 
•.9290*04 
•1960*09 
.1099*03 
.6926*06 
.2797*06 
••1994*09 

-.1463*01 
-.2916-00 
«.1196*09 
.1997*01 

'•99i2*0t 
••7923*01 

h DOT 
•.1960-01 
-.7637-02 
.1997-02 
.6930-02 
.3172-00 
.2446-02 

C( 3) 
.1999*09 
.9293*0« 

».4693*09 
.2797*06 

-.6929*06 
-.7900*04 

-.9297*03 
-•14*1*04 
•1114*03 

-.9669*00 
-.9607*04 
•9119*03 

P DOT 
-.2309*02 
•2101*01 
,79o2-00 
.2963*04 
•1430*04 

-.7999*02 

C(   4) 
-•9316*01 

.9179*04 
-•6996*01 

•2279*04 
-•6124*04 
-•2907*09 

0 
.1477*04 

•.4969*03 
•.6026*02 
,1099*09 

••9796*09 
••9919*04 

0 DOT 
•.2109*01 
'.2317*02 
.9749-00 

'.1429*04 
.2997*04 
.9249*02 

C( 9) 
•• 4339*04 
,1139-02 
,9799*02 

'•9091*03 
.3666*04 
•4979*01 

••3621*01 
.3697*03 
•1113*04 
•2073*04 
,2043*04 
.1261*89 

R DOT 
•4496-00 

'.4429-01 
,9093-01 
.6241*02 

',2799*02 
,9943*01 

THE  INERTIA TENSOR 
,1192*09 
.0000 
.9126*03 

.0000 

.9000*09 

.0000 

,9126*03 
,0000 
,9499*09 

TRIKHBD VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE  AXES- 

U V 
,9999-00    -.0000 

W P 
.2096-01     -.0000 

6 
.0000 

TRIHHBD  ITERATION COLÜMK VECTOR,   TE- 

,2361-00       ,9286-03    -,4719-02       .1739-00       .2094-01 

STABILITY AXIS SYSTEM EÜLER ANCLES-  TMETA-  .1999-09  PHI 
ÜRCaÄEl. INERT I AL SPEED«  .1000^01 

R 
'.0000 

-.6410-01 

►.«409-01 

37 



OCNOHtNATQR CHARACTERISTIC 
ROOTS 

REAL IMAGINARY 
PART PART 

.2348-00 .0000 
,2047-00 ,0000 
.3452-01 ,4150-00 
,3492-01 -,4150-00 
,1S29-01 ,3937-00 
.1«29-01 -.3937-00 
,1001*02 ,0000 
,2010*01 ,0000 
,2177-07 ,0000 
,0000 .0000 
.0000 .0000 
,0000 .0000 

• . ■ 

. 

NUMERATORS 
(NOTE* NUMERATOR ROOTS LESS THAN> 1.0E-7 TINES THE 
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE GAIN). 

X( l)-TO-C< 1) NUMERATO" 

ROOT LOCUS GAIN*   .9044-00 

BODE GAIN «  •.4880*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.2241-00 .0000 

.9363-02 .4055-00 

.9363-02 -.4055-00 

.9924*01 ,0000 

.4648*01 .0000 

.1047*01 .2676*01 

.1047*01 -.2676*01 

.0000 .cooo 
»0000 .O0P0 
.0000 • nooo 

38 



X( 2)-T0-C( 1) NUMERiTOO 

ROOT LOCUS GAIN>  ,4551-PO 

BODE GAIN >  .1912«03 

ROOTS 

REAL 
PART 

.1091-06 

.244Ä-00 

.5471-02 

.5471-02 

IMAGINARY 
PART 

.0000 

.0000 
«4507.00 

-.4907-00 

■ 

•.4956*01 
•.4956*01 
'.3726*01 
.1312*01 
.0000 
.0000 

.4516*01 
'.4518*01 
.0000 
.0000 
.0000 
.0000 

■ 

'• 

1 

X< 3)-T0-C< 1) NUMERATOR 

ROOT LOCUS GAIN«  .2299*03 

BODE GAIN a  -.6408*03 

ROOTS 

REAL 
PART 

•.1337-00 
•.1001*02 
•.2012*01 
'.1971-01 
••1971-01 
.3304-01 
.3304-01 
.0000 
.0000 
.0000 

IMACINART 
PART 

.0000 

.0000 ' 

.0000 ■ 

.3929-00 
-.3929-00 
,4159-DO 

-.«159-00 
.0000 
.0000 
.0000 

39 
[ 

/ ■ 



X(   4)-T0-C(   1)   MUHEPATO" 

ROOT LOCUS  CAIN»       .2376-00 

BODE  CAIN ■     •.5731-04 

ROOTS 

REAL 
RART 

•1421-03 
,4294*01 
.6923-02 
.6923-02 

-,3070*01 
-.2391-00 
-,6606-01 
.2771-07 
.9740-06 
.1672-06 

IMACINARY 
PAR'' 

.nooc 

.mi-ca 
-,4511-0-: 
,0000 
.0000 
• 0000 
.?ooo 
.0000 
.0000 

. 

XI S)-TO-e< II NU«R»TOS 

ROOT LOCUS etlH*      ,3391-00 

•ODE e»tN « «.1*73*01 

HOOTS 

^ 

*« 
s« s« 

^ 
»^ 

- 

•• 

REAL i^Äcr^KV 
PART P&RT 

.4006-00 ,?0T0 

.2903-00 nnnn 
.  w ■ W 

.6566-02 ,4060-00 

.8566-02 -.4:^j-ür 

.9617*01 .rcoa 

.8466-00 .2436-0^ 

.6466-00 -.2436-03 

.9504-09 ,?Ü00 

.0000 ,nono 

.0000 .^ono 

IfO 



X(   6)-Tn-C(   1)   JUMEP4T0« 

«OOT  LOCUS  CAIN«     -,524**01 

BODE  GAIN  >       .29194.02 

ROOTS 

REAL 
PART 

'.1086-01 
-.1086-01 

.4852-01 

.4952-01 
-.9999*01 
-.20l4*0l 
-.2578-00 

.OOOC 

.0000 

.0000 

IHAGINARV 
PART 

,4090-00 
-.4090-00 

,4054-00 
-.40*4-00 

.rooo 

.0000 

.noco 

.1030 

.rooc 

.DOOO 

XC   1>-T0-C(   2)  NÜMERAT«OP 

ROOT LOCUS  GAIN«       ,1474*02 

BODE  GAIN  «     •«1017*04 

^ 
V ̂  

tf> ̂
V ̂

 

ROOTS 

REAL IMAGINARY 
PART PART 

,1^34-07 .nooo 
-.1114*02 .coco 
-.1222*01 .2612*01 
-,1222*01 -.2612*01 
,1008*00 .4432-00 
,1008*00 -.4432-00 

-.4162-00 .cooo 
-.2256-00 .0000 
.0000 ,5000 
.0000 .0000 

i 
I 

kl 



mm 

X< 2)-T0-C( 2) ^UMERATO« 

ROOT LOCUS GAINi  -,4041*02 

BODE GAIN i   .1916*04 

ROOTS 

REAL IMAGINARY 
PART PART 

,4600-06 .0000 
,9657-07 .0000 

-,1»50*01 .7672*01 
-,1»50*01 -.7672*01 
.3831-01 ,4082-00 
,3«31-01 -.4082-00 

-,2110*01 .0000 
-,2360-00 .1408*01 
-,2360-00 -,t408»01 
-,2098-07 ,0000 

X( 3)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN« -,3616-00 

BODE GAIN •  .5304*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.0000 ,0000 
-,4505-07 .0000 
-,5735*02 ,0000 
-,9202*01 ,0000 
-,1715*01 ,0000 
-.1365-00 ,4801-00 
-.1365-00 -,4801».00 
,4587-01 .4089-00 
,4587-01 -.4089-00 

•  ,0000 .0000 

■ ■■■ 

■ 

■ 

1*2 



MMMMM 

X< 4>-T0-C( 2) NUMERATOP 

ROOT LOCUS CAIN*  -,7976*02 

BODE GAIN •  -.1011.03 

ROOTS 

REAL 
FART 

.1748-06 
-.2072*01 
-.2310-00 
-.2310-00 
-.3150-01 
.3824-01 
.3824-01 
.9622-04 
.6054-08 
.0000 

IMA6TNARV 
PART 

.0000 

.0000 

.7127-02 
-.7127-02 
.0000 
,4085.00 

-.4085-00 
.0000 
,0000 

0 

■■ 

.0000 

X( 9)-TO-C( 2) NUMERATOR 

ROOT LOCUS GAIN»  -.8286*01 

BODE QAIN > -.3303*01 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2959-00 foooo 
,2754-00 .0000 
,7938-01 ,4414-03 
,7938-01 -.4414-00 

m , ,5165*01 .0000 - 

— t ,3124-00 .2106-00 
■ ,3124-00 
.1863-08 

-.2106-00 
.0000 

.0000 .0000 

.0000 .nooo 

U3 



X( 6)«T0-C( 2) NÜMERATOP 

ROOT LOCUS CAIN«  il784*0i 

BODE GAIN >  .5147+02 

ROOTS 

REAt 
PART 

-.6«72-0a 
-.1793*01 
••2483-00 
.3999.01 

-..5999-01 
•.1812*01 

-.1812*01 
.1815*01 
.0000 
.0000 

IMAGINARY 
PART 

.noOO 
«0000 
.0000 
.40fl5-00 

-«40B5-00 
,1708*01 

-.1708*01 
.0000 
.0000 
.0000 

,. } >' 

■ 

■ 

: 

. 

X( 1)»T0-C( 3} NUMERATOR 

ROOT LOCUS GAIN« -.3883*02 

BODE GAIN •  .1391*04 

ROOTS 

REAL IMAGIKARY 
PART PART 

.1913-00 .pono 
,2312-00 %  ."000 
.3474-01 ,4ü2i-cn 
.34/4-01 -.4021-00 
.9847*01 .nooc 
.2380-00 .3610+01 
.2380-00 -.3619+01 
.4221-13 .nooo 
.0000 ,oooc 
.0000 ,ocoo 

kk 



; 

X( 2).T0-C( 3) NÜMERAT0«5 

ROOT LOCUS GAIN«  -.1171♦02 

BODE GAIN >  .4227-02 

ROOTS 

REAL IMAGINARY 
PART PART 

.1140-04 .0000 
-.1511*01 .1050*02 
-.1511*01 -.1ÖSCW32 
.4071-01 .3398*00 

■ 

' 
• ''■■ 

• 

• 

.4671-01 -.3398-00 
-.1113*01 .0000 
-.2357-00 .1528-01 
-.2357-00 -.1528-01 
-.187^08 .0000 
.0000 

■ 

«oooo 

X( 3)-T0-C( 3) NUMERATOR 

ROOT LOCUS GAfNa   ,9235-00 

BODE GAIN «   .1643*02 

ROOTS 

■ 

REAL IMAGINARY 
PART PART 

,5696-01 .0000 
.1019*02 .P299+01 
,1019*02 -.2299*01 

. 

.7313-01 .4063-00 ' 

.7313-01 -.4063-00 
,4636-00 .4711-00 

. 

,4636-00 -.4711-00 
■ 

,0000 ,0000 
■ 

•• 
,0000 ,0000 
.0000 .0000 

^5 



X( 4>-T0-C( 3> NUMERATOR 

KOOT LOCUS GA!N> -.3469*02 

BODE GAIN ■  -.1746-04 

ROOTS 

REAL IMACINARV 

PART PAR' 
•.1218-06 .0000 
-.1319*01 .0000 
-.2304-00 ,7493-02 
-.2306-00 -.7493-02 
-.3359-01 ,0000 
.9222-01 ,3424-00 
.9222-01 -.3424-00 
,4644-04 .0000 
.1723-07 .0000 
.0000 .0000 

X( 9)»T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN«  ,1368*02 

BOOE SAIN ■ -.9688-00 

ROOTS _ 

REAL 
PART 

.2999-01 

.2955-01 
-.2370-00 
-.2370-00 
•.1141*02 
•,3392-01 
-.3392-01 
,1627-08 
.3765-09 
.0000 - 

IMAGINARY 
PART 

,9544-01 
-,0544-01 
,2447-01 

-,2447-01 
,0000 
,4079-00 

-,4079-00 
.0000 
.0000 
.0000 

1*6 



X(   6).T0-C(   3)   NUMERATOR 

HOOT LOCUS  GAIN«       .7663-00 

BODE  P.AIN  >     -.3401-05 

ROOTS 

REAL IMAGINARY 
PART PART 

-.6301-08 .nooo 
-.3<§37-06 ,0000 
-,3799*01 .0000 
-,2910-00 ,0000 
.5794-01 .3188-00 
.5794-01 -,3188-00 
,3139*01 ,0000 

-.5245-00 ,8262.00 
-.5245-00 -.8262-00 
,0000 ,0000 

'1 

X( l)*TO-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .6276-01 

BODE CAIN >  ,3906*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.5937-09 .0000 
-.2384*02 .0000 
-,8792*01 ,0000 
-.1749*01 ,0000 
-.2263-00 ,nooo 
.1238*02 .0000 
.7058-04 .3972-00 
.7058-04 -.3972-00 
.0000 .0000 
,C00Q .0000 

kl 

s 



X( 2)-T0-C{ 4) KUMERATO» 

«OOT LOCUS GAIN«  -,l9l**'? 

BODE CAIN' «  -. 1576*03 

ROOTS 

RE it 1MACIMAR
V 

P4RT PA^T 
-.1940-07 .ccoo 
-f962V01 .cooc 
-,2030*C1 .Ü000 
-.7729-00 .no?c 
-.2413-00 .oooc 
,1444-01 .4207-C- 
,1444-01 -.4207-OC 
,3317-00 ,OOPC 
,3381-13 ,oooc 
.0000 .oorc 

X( 3)«T0-C( 4) NUMERATO» 

ROOT LOCUS CAIN*  .1270-01 

BODE CAIN > -.2715*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.1306-01 .4040-00 

.1306-01 -.4040-00 

.3626-01 ,4279-00 

.3626-01 -.4279-0? 
f9195*03 .^000 
.1002*02 .:OCP 
.2002*01 .cr?c 
,4001-37 ,rc?c 
,1749-09 .nooc 
.000? .^ODC 

^ 

^ 
,* a« 

A« N* 
.V^ 

1*8 



X(   4).T0-C(   4)   SüMEPATO» 

ROOT  LOCUS  CAIN«     -.6661-PO 

BODE GAIN «  .5314. •04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3885-08 .nooo 
.2816*01 ,noOC 

-.2373-00 .rone 
-.1213*30 .oocc 
.5606-04 .nooo 

-.196^*01 .POOC 
.1461-C1 ,4226-00 
.1461-01 -.4225-00 
.2137-07 .rooo 
.4191-08 .cooo 

X(   5>-T0-C(   4)   NUMERATO» 

ROOT  LOCUS  GAIN«        f100«*CQ 

BODE  CAIN  >       .1736*01 

ROOTS 

I 
I 

^ 
^ 
^ ̂  

& & 

REAL 
PART 

-.2562-00 
-.1654*02 
-.1044*01 
-.1044*31 

.ino5-02 

.1005-02 

.5872-00 

.5472-07 

.1079-07 
• DCC? 

IM/(CIN«RY 
PART 

,f»000 
.roco 
.2237-00 

-.2237-00 
,3976-00 

-,397b-ÜC 
.^coc 
.rooo 
,^000 
.3000 

lf9 

./ 



X( d)«»TO-C( 4) NUM6RAT0«» 

ROOT LOCUS GAIN«  (5122^Q1 

BODE GAIN! ■  -.2706*02 

ROOTS 

REAL 
PART 

-,2445-02 
-.2445-02 
,4942-01 
,4942-01 

-.9965*01 
-,2010*01 

IMAGINARY 
PART 

,4028-00 
-,4028-00 
,4103-00 

-,4l0i-00 
.0000 
.3000 

.2478-00 ,nooc 

.1597-08 ,0000 

.1M3-08 ,0000 

.0000 ,0000 

X( l)-TO-C( 5) NUMERATOR 

ROOT LOCUS CAIN«  .8946*01 

BODE GAIN > -,7987*01 

ROOTS 

REAL IMAGINARY 
PART PART 

-.9811-08 .0000 
-.1000*02 .0000 
-.1714*01 .0000 
-.2141-00 ,0000 
-.2452-00 ,0000 
-.2298-01 ,4058-00 
-.2298-01 -,4058-00 
-.1J>59-0Q .0000 
-.6265-12 .0000 
.0000 .0000 
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X( 2)*T0«'C( 5) NUMEPATOR 

ROOT LOCUS CA1M»   ,388*-n2 

BODE GAIN ■   ,9642-00 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2344-07 .0000 
,6269*01 .2337*02 
,6269*01 -.2337*02 
,2BOO*01 .0000 

-,1806-00 .2394.00 
-.1866-00 -.2394-00 
-.2418-00 .0000 
-,1791-00 .0000 
.7177-09 .0000 
.0000 .0000 

X( 3)-T0-C( 5) NUMERATOR 
• : 

ROOT LOCUS GAIN«  • .1607-00 

BODE GAIN >  ,1365< ̂01 

ROOTS 
. 

REAL IMAGINARY 
PART PART 

-.1830-00 .0000 
-,9996*01 .0000 
-,2647*01 .0000 
-,4157-01 .4903-00 
-,4197-01 -.4903-00 
-,7550-01 .4055-00 
-,7550-01 -.4055-00 
-,1019-10 .0000 
-,5067-07 .0000 
.0000 .0000 
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1 

II   

X( 4)»T0-C( 5) ^EPATO0 

HOOT LOCLS SMM«   .489?' 

BODE CAIN « -.AC60-C7 

ROOTS 

REAL IMACI^^RV 

PART PART 
.6062-04 .0050 
«3iae«oi .3000 

•.1366-00 .?ooc 
-.2M7-03 ,i446-:i: 
-,2447-00 -,1446-Cir 
-.2404-00 ,r»0P0 
'-•6283-01 .0000 

.3492-0» .?i22-:f 

.3492-09 -.?l2i-^ 
-.7519-OS .coo: 

N 

Xf 5)-T0-C( 9) NUHERATOR 

ROOT LOCUS CAIN«  -.7666-01 

■OOC GAIN • -.1986-02 

ROOTS 

»EAL HACI -^ 
PART PAw» 

.7053-02 .^orc 
,1046*02 .»•■o:: 
.2313-00 .^coc 
.2068-00 
.1145*01 .-ore 
.2305-01 .4Ci>2-tC 
.2305-01 -.4c52.0fJ 
.6352-06 ."OOC 
.1564-08 ."OOC 
.0000 , r D 0 o 

■ i 

*fi 
&' 

«.«' 
^ 
^ 
^ 
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X(   *)-TO-C(   5)   NUMERATOR 

MOOT LOCUS  GAIN«     -.1009-02 

BODE  GAIN  >       .3095-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.2501-07 .0000 
-.M02-07 ,0000 
.6131^01 .0000 
.2191*01 «0000 

-.1390-00 .0000 
-.2684-00 .0000 
-.4505*01 .0000 
-.1897-00 .4802-00 
-.1897-00 -,4802*00 
.0000 .0000 
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LOCKHEED  AH56A  HEL1CCPTFR       JL'NE   10  1970       "CSTAB-B DERIVATIVES 
CASE  A    SPEED« 33.6 FT/SEC,     H.POTi     0,C FT/SEC.     GAMMA«     o.O DEC. 
CRC^S   «/eiCH>15600,     SEA  LEVEL,  DYNAMIC  TIP  LOSS  (YES) 

8TASILITY DERIVATIVE  MATRICFS- 

X 
Y 
Z 
L 
H 
N 

X 
Y 
Z 
L 
M 
N 

X 
Y 
Z 
L 
n 
H 

U 
•.3264*02 
,3esi*0i 

•.1103*03 
••§124*02 
.3«72*03 

•.20»4*03 

Ü DOT 
.,7724-03 
.1408*03 
.23*4-03 
.•l7f-01 
,2835-01 

•,7220-03 

C(  1) 
•,1371*04 
•.7llt*03 
•.1031*06 
.1508*05 
.8321*05 
(24«S*06 

.1739*01 
•.2«99*02 
■.1016*01 
',4130*03 
',7177*02 
.3463*03 

V DOT 
.1432-03 
.1283-04 

•.1176-02 
.2646-02 
.4172-01 

•.1581-02 

C(   2) 
,5466*04 
,1885*05 
.1296*04 
,6904*06 
.2762*06 
.211**05 

.4b4e*oi 

.9127-00 

.1742*03 
,5713*01 
.1040*03 
.4293*02 

I»  DOT 
•.5660-01 
.5788-01 
.1668-01 
.4202*01 
.2251*01 

'.1460-00 

C(   3) 
.1633*05 
.5495*04 
.4231*04 
.2748*06 

•.6927*06 
•.4184*04 

•.4565*n3 
•.1551*04 
,2095*02 
,86o2*o5 

•.9465*04 
■.3981*02 

P DOT 
-.2447*02 
.1329*01 
.5917*01 
.2971*04 
•1424*04 
.6690*02 

C(   4) 
•,2170*03 
.8205*04 
.1311*02 
.3285*04 
.4021*04 
.2494*06 

.1559*04 

.43»«7*03 

.7170*02 

.1009*05 
•.9in4*05 
•.140**04 

0 DOT 
.1296*01 

-.2486*02 
.102^*01 

'.1417*04 
.2965*Q4 
.2634*02 

C(   5) 
•,6624*04 
.6254-03 
.1000*03 

'.1414*04 
.5690*04 

•.2227*02 

-.3215*02 
.5097*03 
,9901*03 
,1204*04 
,2396*04 

•,1651*05 

R DOT 
.3508-00 

•.3315-01 
•,1032-01 
•.4676*02 
•.1973*02 
.1003*02 

THE  INERTIA TENSOR 
.1151*05 
,0000 
.6790*03 

.0000 
,5000*05 
,0000 

,6790*03 
.0000 
.5*99*05 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE  REFERENCE  AXES- 

U V 
.3380*02    -.0000 

w p n R 
.6276-Or     -.0000 .0000 -.0000 

TRIMMED ITERATION COLUMN VECTOR. TE- 

,2164-00  -,2581-02   .1296-01 

STABILITY AXIS SYSTEM EULER AKCLES- 
AIRCRAFT INERT!AL SPEED«  .3380*02 

.1401-00   .15^9-01 -,5144-01 

THETA"  ,2442-05  PHI -,5143-01 

5k 



OENOMIKJATO^ CHAf- ACTF.RISMC 
ROOTS 

REAL IVäCI\/«V 

PA'<T PAR* 
-,1106*nD .!5000 
-.9938*01 «cooo 
-,2021*01 .cooo 
-.1151*00 ,5842.00 
•.1151*00. -.5842-00 
,9455-02 .3617-00 
.9455-02 -.3617-00 

-.3995-00 ,nooo 
.0000 .^ooo 
.0000 .rooo 
.000^ .0000 
.0000 .cooo 

^ 
^ 
^ ̂

v 9>\S 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS THA^ lt0E*7 TIMES TME 
LARGEST NUMERATOR ROOT ARE ^ OT INCLUDED IN THE BODE CAPO, 

X( l)-TO-C( 1) NL'MERATOO 

ROOT LOCUS CAIN«   ,267?*01 

BODE CAIN «  -.6672*03 

ROOTS 

^:. 

REAL IMAGINARY 
PART RART 

,4215-07 .1000 
.ec2?-oc ."COP 
.1934-OC ,ncoc 
.1467-^0 ,5047-00 
.1467-0r -.5047-CO 
.991A*C1 ,oocc 
.8122-00 ,<925*ai 
.6122-3C -.4925*01 
.ooon .sooc 
.000^ ,P0CC 
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I 

:<< t)»TO-C< 1) MUMERATOR 

ROOT LOCUS GAIN«   .1604*0l 

BODE GAIN *   .1417403 

ROOTS 

X( 3)-T0-C( 1} NUMERATOR 

ROOT LOCUS CAIN«   ,2164403 

BODE CAIN « -.2261*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.9958-02 .0000 
-.9963401 .0000 
-.1803*01 .0000 
*.1121*00 .9899-00 
-.1121*00 -.9899-00 
-.8790-02 .3345-00 
-.8790-02 -.3349-00 
.0000 ,0000 
.0000 .0000 
.0000 .0000 

: 

REAL IMAGINARY 
PART 

.1826-07 
-.8742*02 
-.1133*02 
-,1999*01 

PART 
.0000 
.0000 
.0000 
.0000 

• 

-,4940-00 
,1864-01 
,1864-01 
,2982-01 
,2069-07 
,0000 

.0000 

.3996-00 
-.3996-00 
.0000 
.0000 
,0000 

■ 
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X< 4)«T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«   .2633^01 

BOOE CAIN •  ~.6969*04 

ROOTS 

REAL 
PART 

.1030-08 

.14744.01 
,1474*01 
,4854-00 
.2364-09 
.2036*01 
.1653-01 
.1653-01 
.0000 
,1257-07 

IMAGINARY 
PART 

.0000 

.6957-00 
-.6957-00 
.0000 
.0000 
.0000 
.4071-00 

-.40^1-00 
.0000 
.0000 

• 

X< 9>-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN« -,1677*01 

BODE GAIN «  -.1386*01 

ROOTS 

■ 

* : 

• 

• 

REAL IMAGINARY • 

PART PART 
.1732-00 .2243-00 ' 

.1732-00 -.2243-00 

.1086*02 .0000 ' 

.1861-00 ,5525-00 

.1861-00 -,5525-00 .- 

.6204-00 .1000 ■ 

.1850-00 .0000 

.0000 .0000 ' 

.0000 .0000 : 

.0000 .0000 
• 
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X( •»•TO-C( 1) NUMERATOR 

ROOT LOCUS 6AIN1 -.456^401 

BODE GAIN •   .2692402 

ROOTS 

REAL IMAGINARY 
PART PART 

-.9706-08 .nooo 
-,9847*01 .0000 
•.2036*01 .0000 
-.3319-01 .3960-00 
-,3Slf-01 -.3960-00 
,4901-01 .4027-00 
.4901-01 -.4027-00 

-.4667-00 .0000 
.0000 .0000 
• 0000 .0000 

X( UwT0-C< 2) NUMERATOR 

HOOT LOCUS SAIN«   .1533*02 

JODE SAIN ■ -.1021*04 

ROOTS 

REAL 
PART 

.2197-07 
-.1009*02 
-.1219401 
-.1219*01 
-.4190-02 
-.4190-02 
-.3640-00 
-.2426-00 
.0000 
.0000 

IMAGINARY 
PART 

.nono 

.nooo 

.2760*01 
-.?760*01 
,&6«S4-Q0 

-.9664-00 
.POflO 
.0000 
.0000 
,0000 
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X(   2)»T0-C(   2)  NUMERATOB 

ROOT LOCUS CAIN«    -,3P7n*P? 

BODE   CAIN  >       .19O4>04 

ROOTS 

REAL IMAGINARY 
PART PART 

•.2017-06 .0000 
-,2160*01 .7961*01 
-.2160*01 -.7961*01 
-.2X07*01 .nooo 
-.4128-00 .nooo 
.1625-01 .3361-00 
.1625-01 -.3361-00 

-.3085-00 .0000 
.0000 .0000 
.8754-07 ,0000 

X<   3>«T0-C<   2)  W'JMERATOR 

ROOT LOCUS GAIN«    -.3665*01 

BODE  CAIN «       ,9324*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.2823-02 .4312-00 

.2823-02 -.4312-00 
-.9690-01 .5924-00 
-.9690-01 -.5924-00 
-.8147*02 . .nooo 
-.5439*01 .0003 
-.3530-00 .nooo 
.2114-07 .nooo 
.0000 .nooo 
.0000 .0000 

• 
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X{ 4)*T0-C( 2) NUMERATOP 

ROOT LOCUS CAIN» -,7961*02 

BODE GAIN •  -.1229-03 

ROOTS 

REAL IMAGINARY 
PART PART 

,2280-05 .0000 
-.2085m ,0000 
•.2081-00 ,4908-00 
-.2081-00 -.4508-00 
.4306-01 ,3672-00 
,4306-01 -,3672-00 

-.3972-00 ,0000 
-.8124-08 .0000 
.4717-08 .0000 
.0000 .0000 

X( 9)-T0-C( 2) NUMERATOR 

ROOT LCCU8 GAIN« -,8283*01 

BODE GAIN • -.2586*01 

ROOTS 

REAL 
PART 

-.3924-00 
-,2128-00 
-.2128-00 
.2055-00 

•,9200*01 
-,4778-01 
-,4778-01 
-,3893-09 
.0000 
.0000 

IMAGINARY 
PART 

,0000 
,?424-00 

-,2424-00 
,0000 
,0000 
.5406-00 

-.5406-00 
.0000 
.0000 
.0000 

- 

. 
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X( 6)»T0-C( 2) NUMERATOR 

HOOT LOCUS GAIN»   ,1^9funi 

BOOE GAIN >   .5023*02 

ROOTS 

REAL IMAGINARY 

PART PART 
.1089-01 ,3705-00 
.1089-01 -,3705-00 
.3931-00 .0000 
.2389m ,0000 
,1977*01 ,15M*01 
tl977*01 •,1564*01 

,1685*01 ,0000 
.0000 ,0000 
,0000 ,0000 
,0000 ,0000 

X( 1)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN« -,3613*02 

BODE GAIN ■  .1773*04 

ROOTS 

REAL 
PART 

.1184*00 

.9916*01 

.2007-00 
•.2007-00 
-.1113*00 
•.1113*00 
..3505-00 
.0000 
.2197-07 
.0000 

4 
• 

• . 

• . 
■ 

IMAGINARY 
PART 

.0000 

.0000 " 

.37534.01 . 

-.3753*01 . 
,5791-00 . 

-.5791-00 - 

.0000 

.nooo 

.0000 
,0000 
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ROOT LOCUS SAIN.«   -,i2i^:r 

BODE  CAl1^  »       ,3l09*03 

ROOTS 

U 

REAL 
RIST 

-•S399-C1 
-.2100*01 
-•2ioo*ai 
•,429^-32 

^TBO 
.i:22*:2 

-.!322*:? 
.*639-C* 

•.4294-02 -.463^-3 
-•140T*01 • ro1?: 
-,2«95-00 ,^oco 

.0000 .?D00 

.0000 .rocc 

.0000 ."ODD 

HO^ 
m^' oo^ 

\B^ 

XC  3)-T0-CC  3»  NUHERATO» 

ROOT LOCUS C4IN«    •.9126*01 

BOOE CAIN «    -.1174*04 

ROOTS 

REAL |«<CIVäV 

PA9T Pi'-- 
-#1240*0C ..T-: 

.5124*a2 
-.1138*30 .5&32-:: 
-.113B*:0 -.,i^32-:'• 
-.1093*22 .'•3r: 
-.1399-01 .^6<7-:' 
-.1399-31 -,^47-C' 

.0003 .:3rc 

.0000 •      w >- w 

.0000 .^OCC 

■ 
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ROOT LOCUI SAIN« -.345-*r2 

BODE ZUI\  t        .3237-:« 

POOTS 

i 

REAL i^^ciNApy 
PA»! PAPt 

-,33S9-07 .^ooo , 

-.1249*31 .CDCD 
-.6i43-C0 .r0PC 
-.2oe«-or .?DPe 
.2360-05 .f-OPG 

-.7174-C1 .€154-:C 
-.7174-01 -.6154-CC 
,235C-0C »ccoc 
.osor .rccc 

-.4i5i-ce .ccco 

X( 5)-T0-C< 3) ^HE»ATO« 

ROOT LCCUS CAIN«   il36«#02 

BODE CAIN «  .6609-00 

ROOTS 

«. 

^ 
^ 
^ 
^V ̂

 

■ 

REAL IKACI^/RV 
PAPT PARI 

ai9O*00 .P146-01 
.ii9c*cr -.»146-01 
.7173-01 .roco 
.3«74-c: ,roöö 
.llSl^OZ .3000 
,ii464c: .,s8C0-00 
.ll46*nr -.5600-00 
.4657-05 ."000 
.OOOC .rooo 
.ocor .rooo 

- 

■ 

«3 

./• 



*(   •)»TO-C(   3)  NUMERATOR 

ROOT LOCUS GAIN«        .9634-00 

BODE  GAIN >     -.13234.02.    . 

ROOTS 

REAL 
PART 

-.2280-00 
-.6984-01 
-.6984-01 
-.2643*01 
-.2643*01 

.1406^01 

.1406*01 

.0000 

.0000 

.0000 

IMAGINARY 
PART 

,0000 
.4544-00 

'.43(44-00 
,1759*01 

-,1759*01 
,1142*00 

-.1142*00 
,0000 
,0000 
.0000 

X<   1>»T0-C(   4)  NUMERATOR 

ROOT LOCUS GAIN«       ,4905-00 

BODE GAIN >       .2770*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1026-06 .nooo 
-.1001*02 .0000 
.-.5046*01 .0000 
-.2082*01 .0000 
-.3302-00 ,0000 
.4850*01 .0000 

-.8364-01 .3620-00 
-.8364-01 -.3620-00 
.0000 .0000 
.0000 ,0000 

& 

- 

I. 



X<   2)-T0-C<   4)   NUMERATOR 

ROOT LOCUS  CAINI     -,16944.0i; 

BODE  GAIN  >     -.7497*02 

ROOTS 

REAL 
PART 

.1740-01 
-.9434*01 
-.9434*01 
-.2021*01 

.9171-02 
,9171-02 

-.4107-00 
.0000 
.0000 
,0000 

HAC1NARY 
PART 

.roOO 

.1660*01 
-.1660*01 

.0000 
,3690-00 

-.3698-00 
.0000 
.0000 
.0000 
.0000 

X(   3)»T0-C(   4)   NUMERATOR 

ROOT LOCUS GAIN»    -.3693-01 

BODE GAIN «     »,2899*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-,2797-01 .3713-00 
-,2797-01 -.3713-00 
-,9043-01 ,9966-00 
-,9043-01 -.9966-00 
,3116*03 .0000 

-,1130*02 .  .0000 
-.2062*01 .0000 
-.1397-07 .0000 
,0000 .0000 
.0000 ,nooo 

• 

■ 

■ 

■ a' 

■ . 
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X(   4)-Tn-rc   A)  MUMERATO" 

«OOT LOCUS 5A!N«     -,7dl?-:c 

BODE  6AIN  >        .2062*02 

ROOTS 

RCAi. IHAGlN^v 

^A«T PAR^ 
.22l«-07 .nooo 

-.2316*01 .0000 
•.l^SS^Ol .5000 
-.4163-00 .3000 
.0000 ,0000 
.4107*01 .oooc 
.8699-02 ,3716-00 
.8699-02 -,3716-CO 

-.4074-08 .0000 
-.1397-07 .coco 

■ 

X(   5I-T0-Ct   4)   NUMERATOR 

ROOT LOCUS GAIN*       ,9999-01 

8JOE CAIN »   .1006*01      W 

REAL IMAGINARY 
PART PAR' 

-.6719-01 .3412-00 
-,6719-01 -.3412-00 
-.9719-00 ,9752-01 
-.9719-00 -.9752-01 
-,1946*02 .*ocr 
-.2180*01 .nooo 
,4004-00 ,0000 

-.2449-08 ,?oor; 
.0000 .OOOb 
.0000 .300G 

♦^ 
*v i& ,«*' 

c,\»N 

66 

I ■ in Kl mi mmmim—****mmmm** 



X(   •)»TP-C(   4)   VUMERATC" 

«OOT  LOCUS   GM\«       .4547*(?1 

BOÜE   CAfN  «     -.1953*C2 

ROOTS 

REAL 
PART 

-.1090-01 
-.1090-01 

.1981-01 

.1981-01 
-.9912*01 
-.2021*01 

IMAGINARY 
PAR* 

,3803-00 
-,3803-OC 

.3839-00 
-t3«39-0P 

.0000 
,0000 

.<129-00 .0000 

.8163-09 .POOO 

.0000 • DOOC 

.0000 .5000 

K(  1)-T0-C(   S)  NUMERATOR 

ROOT LOCUS CAIN«       ,1366*02 

BODE GAIN ■     -.1461*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.1713-07 .0000 
,9938*01 .3000 
.1721*01 ,0000 
,1696-00 .0000 
.9781-01 .0000 
,1048*00 ,5809-00 
,1048*00 -,•5809^00 
,4455-00 ,0000 
.0000 .0000 
.0000 .0000 
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X(  2)*rO-C<   5)  NUMERATOR 

ROOT LOCUS  GAIN«       ,6426-02 

BODE  GAIN  «     -.4520-00 

ROOTS 

REAL 
PART 

-.2687-01 
-.9236-01 

.2027402 

.2027^02 

IMAGINARY 
PART 

,0000 
,0000 
,3410«02 

-,3410402 

,1119>01 ,1170401 
.1119401 -.1170401 
,4991-00 ,0000 
.0000 ,0000 
.0000 ,0000 
.0000 ,0000 

X(  3).T0'-C(   9)  NUMERATOR 

ROOT LOCUS GAIN«     -,2044-00 

BODE GAIN  >       .1066402 

ROOTS 

REAL IMAGINARY 
PART PART 

,3603-08 ,0000 
-.3997402 ,0000 
-,1099402 ,0000 
•,1169400 .9861-00 
-,1169400 -.5861-00 
-.1976-00 ,3629-00 
-,1976-00 -,3629-00 
-.1016400 ,0000 

.0000 ,0000 

.0000 .0000 

• ■    I 

•    ■' 

■■ 

■ . [ 

■■ •. 

■ 
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X<   4)«T0-C<   9}  NUMERATOR 

ROOT LOCUS CAIN«       ,1849-00 

BODE CAIN >     *,9114-13 

ROOTS 

1 • 

' 

• 

X(   9>-T0-C<   9)  NUMERATOR 

ROOT U0CU8 GAIN«    •.il944>00 

BODE GAIN «     «-,7991-02 

ROOTS 

■ 

REAL IMAGINARY 
PART PART • 

-.3011-07 ,0000 
,2916-06 ,0000 , 

-.9461-00 • 0000 ' 
-.9101-00 ,0000 
-.8028-01 ,0000 ,. 
.2362-09 IOOOO t ■ 

-.2443-00 ,8698-00 
-.2443-00 -,8698-00 iO- 
.1080^01 ,0000 
,3073-08 ,0000 Qi. 

■ ■ 

REAL IMAGINARY 
PART PART 

.1834-06 ,0000 

.1083*02 .0000 

.3844-00 .0000 

.1187*00 .0000 

.1744-01 .0000 

.1019*00 .9849-00 
,1019*00 -.9849-00 
,8932-00 ,0000 
.3291-08 ,0000 
.0000 .0000 
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X( t)-TO-C( 9) NUMERATOR 

ROOT LOCUS GAIN« -.2224-02 

SODE GAIN >   .1475*00 

ROOTS 

REAL IMAGINARY 
PART PART ■ 

.7974-01 .0000 

.1937-01 .4249-00 

.1937»01 -.4289-00 

.9097-00 .0000 

.f247*01 .1170*02 

.9247*01 -.1170*02 

.1491*01 .0000 

.9977-08 .0000 

.0000 .0000 

.0000 .0000 
■ 

■ ■ 

• 

■ 

■ 

70 



LOCKHFKD AMWA UfeLICOPTc«  ji-jr je 197C   ^OSTuB-H DE^IVATIVFS 
C485 7 8PEED«_*7.M FT/rgc.  -<-^OT»  C.i FT/SEC.  6ANMA»  0,0 OF6. 
GROSS WHCHT115600,  SP.« Lt1 tL 

STAR1LITV üEKIVATlvr N|T»fcrf- 

CWMC TIP LOS".   (VtS) 

X 
v 
z 
L 

N 

X 
Y 
Z 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

-.MSb^Ol 

-.ßb43+02 
-,7l6e*02 
,4621*03 

-♦2411*03 

U lOT 
-.2114-02 
,2036-02 
,2034-03 
,1696-00 
,7925-01 

-.1222-C1 

C( 1) 
-,109**0fi 
-,14«4*0J 
-,U53*r<» 
-,3321*JS 
,16 3S*06 
,179<»*0A 

,197***1 
-,«0V<*Ü2 

-.3i>'.iÄ*03 
-.!>«l««*n? 
,46M*n3 

V D<)T 
,7*3<s-n4 
,45H?-'34 

-,12^1-02 
.»92?-02 

-,433^-01 
-,53:0-02 

C( 2) 
-,62C<>*n4 
,1770*05 
,43^-*03 
,687')+06 
,277n>n(: 

-.3136*05 

-.-W4*J1 
-•foos*oi 

-.J603*02 
-.«420*02 

*   P0T 

-,10 «6*0': 
,!ru9*oa 
,1063-01 
,hi97*01 
.4253*01 

-,4423-0U 

.1M91*05 
,o050*04 
.?»25*05 
.2739*06 

-."933*06 
,4^61*0* 

-,3769*03 
-.1720*04 
-.2952*l?3 
-,«4e«*n5 
-.9127*04 
.I6l7*03 

P DOT 
-.2*74*02 
.4736-31 
.1965*01 
,2985*04 
,1«14*)4 

-,1369*03 

C( 4) 
-,2"»42*fj3 
,76i2*04 
,1790*02 
,2017*04 

-.1740*04 
-.23l«*06 

.1633*04 
-^O^O"» 
.1340*02 
.93^5*04 

-.9449*05 
.10^7*04 

0 "OT 
.3i33-on 

-.?8o7*o? 
,»4*l-M 

-.l«f,J*04 
.297»i*04 
.4022*0? 

C( 5) 
-.8d?5*04 
.30'<0-02 
.17^7*03 

-.2962*04 
.7722*04 

-.62n5*02 

.2740*02 
,744(S*03 
193»5*03 
,1047*04 
,3156*04 

-.2266*05 

R HOT 

,552«-fJ0 
-,6376-02 
-,9516-02 
-,5943*02 
-,27ü5*02 
,1123*02 

■ 

■ 

THE iNitPTlA TENSOR 
.1152*05   .0000     .8657*^3 
.0000     .5000*05   .0000 
,ft6f>7*03   .0000     ,5498*05 

TRIMMED VELOCITIES WITH RESPECT TO -»VESALL VEHICLE REFe^EMC^ AXES' 

V 
.6779*02  -,0000 

H P 

.1349*01  -.0000 

TRIMMED ITE'^TION COLUM«' VErTOf-', Tt- 

.oooc    -,COun 

.1670-00  -.527*-02   .2692-01   .75i2-nl   .1990-01  -,3li>7-0l 

STABILITY AXIS SYSTEM ViULH  A-J(;LL5-  THETA«  .l2«b-04   PHI -.3156-01 
AIRCRAFT INERTIAL SPEED«  .'7Ar*ü? 

HO^ 

71 



OINOUfNATOR CHARACTERISTIC 
ROOTS 

REAL 
PART 

,7186-01 
.9S18+01 
, 2066*01 
.31«f-01 
,3199-01 
.,2039«00 
•,2039-00 
.,6124-00 
,0000 
,0000 
.0000 
,0000 

IMAGINARY 
PART 

,0000 
,0000 
,0000 
,3790*00 

-,3790-00 
,6160*00 

-,6160*00 
.0000 
,0000 
.0000 
.0000 
.0000 

■ 

■ 

i 

NUHERATORS 
(NOTE. NUMERATOR ROOTS LESS THAN l,0E-7 TIMES THE 
LÄROIST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE GAIN). 

X( 1UT0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«  .2222*02 

BODE SAIN ■ -»6104*03 

ROOTS 

REAL 
PART 

..34*3*07 
•,9S74*01 
-.4371-00 
-,4*71-00 
-,2616-00 
*,2616-00 
-,6996-00 
-,1030*00 
,0000 
,0000 

IMAGINARY 
PART 

.0000 

.0000 

.2221*01 
-.2221*01 
.7791-00 

-.7791-00 
,0000 
,0000 
,0000 
,0000 

72 



X( l).T0*C( 1) NUMERATOR 

ROOT LOCUS GAIN«   .3264401 

BODE CAIN •  ,7356402 

ROOTS 

REAL 
PART 

•,6297*08 
-,6162402 
-,1163*02 
-,2171401 

• 

IMAGINARY 
PART 

,nooo 
.0000 
,0000 
,nooo 

r » 

,7195-00 .0000 
.4252-01 ,4577-00 
.4252-01 -.4577-00 
.8706-02 .0000 
.0000 .0000 
.0000 .0000 

X<   3)-T0-C(   1)  NUMERATOR 

ROOT LOCUS CAIN«.      ,2360403 

BODE  GAIN  *    -.1742403 

ROOTS 

REAL IMAGINARY 
PAPT PART 

,2775-07 .0000 
-.989?401 ,0000 
-.4248-01 ,0000 
-.1761-00 .7843-00 
-.1761-00 -.7843-00 
-.1234401 .0000 
.8369-01 .4388-00 
.8769-01 -.4388-0n 
.0000 .0000 
.0000 .0000 

73 
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X( 4)«T0-C( 1) NUMERATO« 

ROOT LOCUS GM^«  ,5032*01 

BODE GAIN •  -.4260-16 

ROOTS 

REAL 
PART 

,3677-06 
,3677-06 

-,1312*01 
-.1312*01 
-.7628-00 
,3236-01 
,323«-01 
.1524*01 
,6192-0:. 
.2692-08 

IMAGINARY 
PART 

,2365-06 
-,2365-06 
,8794-00 

-.8794-00 
.0000 
,4736*00 

-.4736-00 
.0000 
.0000 
,0000 

X( 5)f»T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN« -.3302*01 

BODE SAIN ■ -.5466-00 

ROOTS 

■ 

■ 

• 

..r ■ ■ 

• 

REAL 
PART 

•.6214-01 
..8214-01 
.1363-00 
'.1068*02 
..2464-00 
-.2464-00 
.,6658-00 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

.1212*00 
-.1212*00 
.0000 
.0000 
.B167-00 

-.P167-00 
.HOOO 
.0000 
.0000 
.rooo 

7^ 

■ 

. 



X( •)*TO-C( 1) NUMERATOP 

ROOT LOCUS GAIN« -,33ft7*C,l 

BODE GAIN ■   .1731*02 

ROOTS 

REAL 
PART 

•,3966-01 
•,3966-01 
,6994-01 
,6994-01 
•,9482*01 
•,2319*01 
•,7262-00 
,0000 
,0000 
,0000 

IMAGINARY 
PART 

.3739-00 
-,3739-00 
,4507-00 

-,4507-00 
.0000 . 
.0000 
.nooo 
.0000 
.0000 
.0000 

X( 1>-T0-C( 2) NUMCRATOR 

ROOT LOCUS CAIN«  .1752*02 

BQDB GAIN « -.8933*09 

ROOTS 

• 

REAL IMAGINARY 
PART PART 

-,1676-00 .0000 
-.8793*01 .0000 
-,1138*01 .2852*01 
-,1138*01 -.2852*01 
-,1217*00 .7753-00 
-,1217*00 -.7753-00 
-,5444-00 .0000 
,6147-07 .0000 
,0000 .0000 
,0000 .0000 
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X(   ?)«Tr-C(   2)   ^UMtRATO« 

ROOT  LOCI'*?  r,4lw»     ~tib?**02 

BODE  GAIN  »       .2180*04 

HOOTS 

..   . t      , 

• 

REAL 
PART 

,5417-01 
.5417-01 

•,3569-00 
•,278«*ni 
•.278«*01 
..I95fl*01 
,8784-00 
,0000 
,OOon 
,ooon 

IMAGIN'RV 
PART 

,3359-00 
-.3359-00 

.nooo 

.8340«0I 
-.«340*:i 

,0000 
.ooco 
,nooo 
,0000 
,0000 

- 

: x. • 

■ 

) ■ 

X(   3)-T0-C(   2)   NUMERATOR 

ROOT  LOCUS GAIN«     -,123A*01 

BODE  CAIN  «        .4424*03 ^ ^ ooUc \SVi 

'•fit   ^ 

ROOTS 

REAL 
PART 

,245P-01 
.2458-01 

-,2379-00 
-,4181*03 
-,561?*01 
-.1503-00 
-.1503-00 

,000" 
.000" 
.000° 

IMAGINARY 
PART 

.29«8-C0 
-,?988-0T 
.^000 
.nooo 
.nooc 
.7931-u: 

-.7931-01 
.none 
,^0^0 
.nocc 

■ 

76 

- «WW.-»-""-« 



X( 4)-Tr-C( 2) 'iuifewATO-' 

ROOT LOCUS GAIM«  -.794^4.02 

BODE GAIN ■   .15P9-09 

l 

■^ ' ■ ':, 

ROOTS 

REAL 
PART 

,4636-0« 
,3195-07 

-,2532-06 
-.2138m 
-,2689-00 
-.2689-00 
,506fr-01 
,5066-01 

-,586n-on 
,5967-05 

IMAGINARY 
PART 

,nono 
.0000 
.nooo 
.cooo 
.7265-0^ 

-.726b-üC 
,T976-3n 

-.397H-cr 
.nooo 
.^000 

- 

X(   5)-T0-C(   2)   NUMERATOH 

ROOT LOCUS  GAIN»     -,8281*01 

NOT REPRODUCIBLE 

BODE GAIN «     -.15424-31 
■ 

ROOTS 

REAL iHAfilNARV 
PAPT PAWT 

-.1284-00 .1873-00 
-.1284-00 -.1873-00    . 

.1765-00 .0000 
-.5665-00 .0000 

' -.5205*01 .^OOC 
-.16ß;-00 .77f3-C' 
-.1682-00 -.77P3-0r 
-.1863-08 .»•■cro 

.coor .-ore 

.03c: .tene 

77 



ROOTS 

TO-C( 2) NUME »ATOK 

OCUS GAIN« ,2014*01 
■ 

AIN s   .4664 ♦02 

REAL IMAGINARY A 
PART PART . t'H 

,2611-01 .3835-00 
,2611-01 -.1835-00 . 

-,5434-00 ,0000 ,- 
-,3058*01 .0000 .- 
-.1577*01 a794*oi 
-,1577*01 -.1794*01 
,1562*01 .POOO 
.OOOC ,0000 
.0000 .0000 ' 

.0000 .0000 . 

■ 

X<   1)-T0-C{   3)  NUWEHATOR 

.. 

_ 

. 
ROOT LOCUS 6AIM  - .3697*02 

BODE GAIN «   .1509- ►04 
. 

ROOTS ■ 

• 

REAL IMAGINARY 
■ 

PART PART • 
-,7242-01 ,0000 
-.1000*02 ,0000 
-,1632-00 ,3715*01 
-.1632-00 -,3715*01 
f.2020-00 ,§024-00 
-.202^-00 -.§024-00 
-.5439-00 .nooo 
.3604-09 .nooo 

-.3851-36 .0000 
.0000 ,3000 
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X( 2)-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN*  -.1329*0? 

BODE GAIN ■   .4750+03 

ROOTS 

v 

REAL 
PART 

-.6482-01 
-.2352*01 
-.2352*01 
,2804-00 

.2804-00 

.2533*01 
•,2714-00 
• 0000 
• 0000 
.0000 

IMAGINARY 
PART 

,0000 
,9392*01 

-,9392*01 
,8384-00 

■ 

-.8384-00 
,0000 
,0000 
.0000 
.0000 
.0000 

.- 

X( 3)-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN« -.3778*02 

BODE GAIN «  -,4192*03 

ROOTS 

REAL 
PART 

-.7310-01 
.2411*02 

-.2035-00 
-.2035-00 
-.1060*02 
.1003-01 
.1003-01 
.0000 
.0000 
• 0000 

• 

IMAGINARY 
PART 

.CflOO 

.nooo 

.«064-00 
-.«064-00 
.0000 
.2798-00 

-.2798-00 
.0000 
,0000 
.0000 

79 
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I 
X( 4)-T0-C( 3) NUMEPATÜC- 

ROOT LOCUS GAIN»  -.3444*02 

BODE CAIN «  -.1889-16 

ROOTS 

REAL 
PART 

-.1401-06 
-.1013*00 
.3294-05 
.7940-05 
.1289-00 

-.1146*01 
-,1146*01 
-.7033-01 
-.7033-01 
.0000 

IMACIN^RV 
PART 

.0000 

.P000 

.0000 

.rooo 

.0000 
,40»0-00 

-.4080-00 
.8360-00 

-.8360-00 
.0000 

%i   5)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN»  ,1370*02 

BOOE GAIN »   .8766-01 

ROOTS 

■ 

. 

- 

. 

REAL 
PART 

.5223-01 

.5223-01 
,4820-01 
.1115*02 
..2062-00 
.2062-00 
.5547-00 
.,3492-09 
.0000 
.oono 

IMAGINARY 
PART 

,9444-C2 
-.9444-02 
.nooo 
.0000 
,«064-00 

-,«064-00 
.0000 
,0000 
.0000 
.0000 

80 
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X(   6)»T0-C(   3)  WUMERATOP • 

ROOTS 

.OCUS GAIN« ,55Gr-00 »^u 

3AIN «  -.2776't'Ol A , - 

, 

REAL IMAGINARY 
PART PART 

-.106»*00 ,nooo 
,-.1007*00 .3903-00 
-.1007*00 -.3603-00 
.3933-00 .nooo 

-.2431*01 .3636*01 
-.2431*01 -.3698*01 
.3606*01 .0000 
.0000 .0000 . 
.0000 .nooo 
.0000 »0000 

» 

X(   1}-T0-C(   4)  NUMERATOR 

ROOT LOCUS  CAIN«       .6122-00 

BODE GAIN  >       .1392*03 >t.~ 

tm 

. 

ROOTS ÜC- 

REAL IMAGINARY 
PART PART 

.4866-07 .0000 
-.9454*01 .0000 
-.3233*01 .1110*01 
-.3233*01 -.1110*03  • 
-.5467-00 ,0000 
.3332*01 .0000 

-.1097*00 .3021-00 
-.1097*00 -.3021-00 
.OOOC .0000 
.0000 .0000 

81 
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XC 2)«T0-C( 4) NUMERATOR 

ROOT LOCUS CAIM  -. 1571*0? 

BODE GAIN s . -.4340402 

ROOTS 

REAL. 
PART 

.7260-02 
-,1778*02 
-.1011*02 
-.2063*01 
.3094-01 
.3094-01 

-.6299-00 
.0000 
.0000 
.0000 

' 

IMAGINARY 
PART 

.0000 

.0000 

.0000 

.0000 
,3896-00 

-.3696-00 
.0000 
,0000 
,P000 
.0000 

■ 

X(  3>-T0-C(   4)  NUMERATOR 

ROOT LOCUS GAIN«    -.3979-01 

BODE GAIN  •     -,8469*02 

ROOTS 

REAL 
PART 

.9323-01 

.9323-01 
-.2023-00 
-.2023-00 

.2430*03 
-.1297*02 
-.3118*01 

.4191-08 

.0000 
' .0000 

i 

2 • 

IMAGINARY 

1 

PART 
.3167-00 

-.3167-00 
,3963-00 

-.3963-00 
.0000 . 
,0000 
.0000 
,nooo • 

,0000 
.0000 

• 
•■ 

• - 

• 

- 

■ 
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.l'-ll"' 

X( 4)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN» -,6971-00 

BODE GAIN •  .1527-03 

ROOTS 

REAL 
PART 

.1380-07 
-.2063-0« 
-.3523*01 
-.1977*01 
-.6304-00 
.6060-09 
.4960*01 
.3033-01 
.3033-01 
.6696-06 

AGINARY 
PART 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.3667-00 
-.3667.00 
.0000 

■ 

X< 9)«T0-C< 4) NUMERATOR 

ROOT LOCUS 6AIN>  .1360-01 

BODE GAIN >  ,3754.00 

ROOTS 

■ 

REAL 
PART 

-.6766-01 
-.6766-01 
-.5744-00 
-.9744-00 
-.5650*02 
-.4467*01 
.3246-00 
.5413-06 
,0000 
.0000 

59 
. 00. 

oc 
or 

)K 

IMAGINARY 
PART 

.2623-00 
-.2623-00 
,1876-00 

-.1876-00 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000 • 

83 
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X< 6)-T0-C( 4) .MUMF.«ATOP 

ROOT LOCUS GAIN«  ,4230*01 

BODE GAIN «  -.1109*02 

ROOTS 

ae 

REAL 
PART 

-.1539-01 
-.1939-01 
.3994-01 
.3994-01 

-.9786*01 
-.206i*01 

IMAGINARY 
PART 

.3694-00 
-,3694-on 
.3882-00 

-.3882-00 
.0000 
.0000 

■ 

-.6262-00 .0000 ' 
.0000 .0000 
.0000 .0000 
.0000 .0000 

RATOR X< 1)-T0-C( 9) NUME 

ROOT LOCUS CAIN« ,1819*02 

BOOE CAIN >  -.1638 ♦02 

ROOTS ■ 

• 
■ 

REAL IMAGINARY 
PART PART 

.4324-07 .0000 
-.9824*01 .nonu 
-.1717*01 .rono 
-.7018-00 .^oco 
-.1615-00 .oooc 
-.2005-00 ."112-00 
-.2005-00 -.»112-00 
-.6162-01 .nono 
.0000 .0000 
.0000 .0000 

dk 



X( 2)-T0-C( 5) NUMEHATOP 

ROOT LOCUS CAINs   t8(t9^-C2 

BODE GAIN « -,5210*01 

ROOTS 

REAL 
PART 

-.3379-01 
-.3379-01 
-.7490-00 
-.7490-00 

IMAGINARY 
PART 

.6567-01 
-.6567-01 
,9650-00 

-.9650-00 

.3901*02 

.3901*02 
-.2925*01 
.0000 
.0000 
.0000 

.2694*02 
•.2694*02 
.0000 
.0000 
.0000 
.0000 

X< 3)-T0-C{ 5) NUMERATOR 

ROOT LOCUS GAIN« -.3615-00 

BODE C' IN •  .5678*01 

ROOTS 

■ 

REAL 
PART 

-.6407-01 
-.3970*02 
-.1084*02 
-.1936-00 
-.1936-00 
.1729-00 
.1729-00 
.0003 
.0000 
.0009 

•w l 
IMAGINARY 

PART 
.0000 
.rooo 
.coco 
.'»220-00 

-.P220-00 • 
.2136-00 

-.2136-00 
.OOOC 
.nooo 
.0000 

■ 

:  . 
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X( 4).T0-C( 5)  NUMERATOB 

HOOT LOCUS GAIN«  ,372«-00 

BODE GAIN >  -.9942*12 

ROOTS 

. 

REAL IMAGINARY 
PART PART 

-.1951-07 ,0000 
.1212-04 ,0000 
.3093-05 ,0000 

-.«138-02 ,0000 
•,3200-00 ,1007*01 
-.3200-00 -.1007*01 
-.1019*01 .4911*00 
-,1019*01 -,4911-00 
,7409-00 ,0000 

-.3089-07 .0000 

■ 

■ 

■ 

■ 

*( §J.T0-C( ») NUMERATOR 

ROOT LOCUS GAIN« -.1930-00 

•OOt «AIN • -.9439-03 

-iMTt 
. 

..... 

REAL IMAGINARY 
■ 

PART PART 
.8992-03 ,0000 ■ 

.1109*02 .0000 . 

.7979-01 .0000 

.9673-00 .0000 

.1943-00 .«148*00 

.1943-00 -,«148-00 

.1067*01 ,0000 . 

.7496-07 ,0000 

.9904-08 ,0000 

.2980*07 ,0000 
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»(  4)-T0-C(  9)  NUMCMTOR 

MOOT LOCUS GAIN*     -,97»3.02 

■ 

BODE GAIN •   ,1784.01 

ROOTS . 
• 

• 

' 

MEAL IHASINARY 
, PART PART 
' •,•042*02 • 0000 
• •.»S32*01 •1031*02 
• •.9132*01 ••1031*01 
• '.•929-00 ••••f«00 
•.•929-00 -••••9-00 
t •.3449-01 
•.3449-01 

•40f2-00 
-•40f2-00 

.0000 • 0000 

.0000 • 0000 

.0000 .0000 

■ 

■ ■        ■ ■  ' 

• 

• .- , '       ^ • 
■ 

. 
• 

-   I   .■ 

■ 

■ 

■ 

■ 

■ 

•• 

■ 

■ 

3T   t'- 

■ 
: 
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LOCKKKEG   AW96A  hELICOPTn»       JL'NF   10   1970       ^üSTAB-B  DE«IVATIVPS 
CASr « irE«0«m.l FT/SEC. w.rcri u.r rr/sfc. GAMMA« O.O ore. 
CROSS   wRlC^TilJ^PO,     SEA   LC'EL,   1>Y\,'.1IC  TIP L^SS   (VF.8> >« 

1LITY  DFRIVATIVF   v4THlCi: S- IttV* TOOÄ 

U V h p 0 R 
* -.<0C»*02 .il3?*Cl -,227<*C2 -.3l93*p3 .1790*04 -,9985*02 
V .»f^s-on -.514*4*02 -.?9»6*C1 -.1691*04 -.2942*0? ,939«*03 
z -.<112*P2 -,i06«*ri -.3271*03 -.6424*n3 -.9839*02 •1004*04 
L -,62«0*0? -.347**03 -.2099*c2 -.9051*05 .8668*04 ,1399*03 
M .2342*03 -.446^*02 •.1852*03 -.8294*04 -.9804*09 ,2602*04 
H -.1215*03 .5793*03 -.2132*03 -.6710*02 .4148*04 -.2923*09 

U DOT V  DOT K   POT P DOT Q   r.OT « OOT 
X .5346-03 ,3695-P4 -.1624-00 -.2R29*02 .5070-00 -.1086*00 
Y -.4126-03 .1091-04 .1320-00 .5661-01 -.2716*0? -.1015-02 
Z .2992-04 -,1185-02 -.7980-02 -.2529*01 .17*4*01 -,1316-01 
L -.3629-01 .1167-01 .1240*02 .30D3*n4 -.1377*04 ,9935*01 
f -.2538-01 -.<0l7-Cl .6412*01 •1409*04 .?9ol*04 ,4932*01 
K .3291-02 ,ll3*-02 -.5710-00 -.1164*03 .1213*3? ,8008*01 

C(   1) C(   2) C(   T) C<   4) C(   5) ■ 

X -.3l5l*04 -.6042*04 .16C3*C5 -.3648*03 -.12^9*05 
Y -.25*6*04 .1696*05 .6090*0* .9266*04 .36*2-02 
Z -.1372*06 -.49l?*03 .3567*05 .1968*Q2 -.54?4*o? 
I -.5486*05 .666f*P6 .2696*06 .8960*04 -.7352*04 
M .3387*06 ,2770*06 -.7256*06 -.6137*03 .10*8*05 
N .1176*06 -.2227*05 .2886*09 -.2828*06 ,lO«9*n2 ■ 

THE   INERTI4   TENSOR 
,1190*05 -.3502-07 -.1438*03 

-.3902-07 .5000*05 -.1308-P9 
-.143^*03     -.1308-09       ,5500*n5 

TRIMKED  VELOCITIES WITH RESPECT  TO  OVERALL VEHICLE  REFEDE»!CF   AXE8- 

J V W p 
.1015*03    -.9231-10    -.3356-00    -.0000 

n 
.oooo 

R 
-,0000 

TRIMMED ITERATION COLIW*' VECTOR, TE- 

.1761-00  -.6360-02   .3553-tl   ,4949-01  -.3305-0?  -,2485-01 

STABILITY   *XIS SYSTEM EULFH  ANCLES-       THfTA»     .3711-06       PHI   -.2485-01 
AIRCRAFT   INERTIAL  SPEEC«     .1015*03 

NOT REPRODUCIBLE 

68 



OINOMIMATOR CHARACTERISTIC 

ROOTS 

REAL 
PART 

-.5207-01 
-.1051*02 
-.9338-00 
-,3657-01 
-.3657-01 
-.2812-00 
-.2812-00 
-.l»fl3*01 

.0003 

.CÜ00 

.0000 

.CIOOC 

IMAGINARY 
PART 

.0000 

.nooo 

.rooo 
,25*0-00 

-.2580-00 
.1060*01 

-.1060*01 
.0300 
.poro 
,0000 
.nooo 
,0000 

• 

■ 

NOT REPRODUCIBLE 

NUMERATORS 
(NOTE-  NUMERATOR ROOTS LESS TWAN  l,0E-7 TIMES THE 
LARGEST  NUMERATOR ROOT  ARE  ^OT   INOJ-'DiP   IN Tm BODE   GAP"). 

I -• 

■    ■ X(   1)-T0-C(   D   NUMEKATOf 

ROOT LOCUS GAIN* 5938*01 

BODE SAIN ■  -.1872*04 

ROOTS . ! 

REAL IMAGINARY 9*1: 

PART PART 
,1954-08 ,ocoo 

-.7678-00 
-.5997-01 

,0000 
.0000 . 

-.3016-00 
-.3016-00 

,1040*01 
-.1040*01 . - 

dy-y 

-.1076*02 .0000 ' 

.2243*01 .6133*01 ■ 

.2243*01 -.6133*01 

.31C7-C8 .3000 

.0000 ,cooo 
■ 

• 
• 

89 



1 

X( 2)-T0-C( 1) MUMEHATüff 

ROOT LOCUS CAIN» 

BODE GAIN >   .1M6*C3 

ROOTS 

REAU 
PAÄT 

«.m?-o7 
-.2356*02 
-.1912*02 
-,2745*01 

■ 

IHACINARV 
PART 

.0000 

.0000 

.oooc 

.ncco 

:s., 

NO! 
Rl?R00UC16Ll 

OH 

■ 

' 

-.6814-00 
.6320-0? 
•6320«0i 
.1727-01 
.0000 
.0000 

.0000 

.4141-00 
•.41<1"00 
.0000 
.0000 
.0000 

J'AJ 

•■ _ ^-T 
■ 

XC   3)-T0-C(   1)  NUMERATOR 

ROOT LOCUS CAIN«        ,283l*03 

* /US' svpti 

BODE GAIN • 

ROOTS 

•.1349*03 

REAL 
PART 

-.3250-07 
•.1062*02 
•.2909-00 
•.2909-00 
•,3904-00 
.410«-00 
.4104-00 
.3249-01 
.4018-08 
.0000 

IMACIN'PY 
PAkT 

.0000 

.nono 

.ic?^ni 
-.ICi'b + Ül 

,n00ü 
.2766-00 

-.2766-OfJ 
,?00C 
,nocü 
.0000 

90 

■ 



mm 

X(   4)-Tn-C(   1)   MUME^ATO 

ROOT  LOCUS   GAIM«       ,7954+ri 

BODE  GAU'  «     -.'>155*02 

ROOTS 

■ i 

REAL 
PART 

-.2029-07 
.9336-07 

-.6343-00 
.2887-02 
.2887-02 

-,1185*01 
-.1185*01 

.1005*01 

.0000 

.0000 

. 
IU/GINARV 

PAf<T 
.noco 
.nooc 
.doüo 

-.%26ft-Ü0 
.121t>4.Gi 

-.1215*'01 
.OOCt 
.noco 
tOOOC 

re i 

- 

- 
. ■ 

- 

• 

X(   5)-T0-C(   1)  NUMERATOR 

ROOT  LOCUS  CAIN*    -.692A4>Cl 

BODE  GAIN •     -.4074*00 

ROOTS 

^ 
^ 
^ 

a   f 

■ 

REAL 
PART 

-.7726-08 
-.11X8*02 
-,295l-0u 
-.2961-00 

.3695-01 
-.eio3-oü 
-.8639-01 
-.^39-Ql 

.0000 

.COD5 

IMAGINARY 
PA«T 

.npoo 
,noPO 
.1C^7*01 

-.1057*01 
.''OO«? 
.oo^S 

-.604^-01 
.noofi 

91 

• 

■ 

./ 



I 

■■ 

X(   A)-TO-C(   1)   NUHIWTOs 

ROOT  LGfl'S   GAIN«     -.J139-»'! 

BORE   GAIN   «        .1639*C2 

ROOTS 

REAL 
PART 

.1292-00 

.1292-00 

.1358-00 

.1358-00 

.1048*02 

.3100*01 
,6735-00 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

.3900-00 
-.3908-00 

,3795-00 
-,3795-CO 

.0000 

.f5CC0 

.HffOO 

.nC^O 
,«ooc 
.rono 

X(   l)-TO-C(   2)   NUMERATO» 

ROOT  LOCUS  CAIN«        ,171P*02 

■ 

BODE  GAIN  •     -,1518*04 

*£PBOD UCIBLE 

■ 

ROOTS 

92 

. 

" 

-v 
• 

. 

■ 

. • 

. , 

REAL IMAGINARY 
.- 

PART PART 
-.6910-07 ,0000 , 1. 

-.5653-00 .0000 
-.9773-01 .0000 
-.9043*01 ,0000 
-.1127*01 ,3289*01 
-.1127*01 -,3289*01 
-.2343-00 .1030*01 • 

-.2343-00 -,1030*01 
,0000 ,0000 \ 

.0000 ,0000 



X(   2)«Te-C<   2) NUmHifOi 

ROOT  LOCUS  3A!N«    -t345S*52 

BODE  6AIM  •       .2216*04 

ROOTS 

. . 

HAL 
PART 

.1093-02 

.1093-02 
-.3779-00 
-.1712*01 
-.1712*01 
-.1539*01 
-.1539*01 

.0000 

.0000 

.0000 

immRY 
PART 

.2373*00 
-,2373-00 

.0000 

.«919*01 
-.«919*01 

,7105*00 
-,7105*00 

.0000 
,0000 
,0000 

; 

S 

X(   3>*T0-C(   2) NUMERATOR 

ROOT LOCUS CAIN»       ,1399*01 

BODE GAIN «       .3242*03 

ROOTS 

• 

REAL 
PART 

-.1435-01 
-,1435-01 
-.165B-00 
,5210*03 

-,6470*01 
-.249^-00 
-.2498-00 
,1863-08 

/• 
.0000 
.0000 

IMAGINARY 
PART 

,1679*00 
-,1679-00 
.0000 
•nooo 
.0000 
,1042*01 

-.1042*01 
.0000 
.nooo 
,0090 

- 

93 



)(( 4)-ro-C( 2) ^UhEMATOW 

ROOT LOCUS GAH«  -.794* + '^ 

BODE GAI^ s  -.1!>17*CT 

ROOTS 

REAL 
PART 

-.2971-01 
-.2971-01 
-.8446-00 
-.3337-00 
-.3337-00 
-.2010*01 
.1044-06 

-.2275-08 
.423«i-08 
.0000 

IIIACISURV 
PART 

^796-Dl 
-.?796-00 

.oooa 

.l0ri3*Cl 
-tlOW*Di 

.OODQ 

.^ono 

.noro 

.noOO 

.nooo 
. 

■ 

■ 

X( 5)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN«  -.8274*01 

BODE GAIN «  -.1168*01 

ROOTS 

.:r.      . 

2 

REAL IMACIN'KV 
PART PAR* 

.9329-01 ,0000 

.1085*00 .uao^an 

.1085*00 -,1160*0Q 

.5fl6**01 .0000 

.2646-OC .1040*01 

.2ft<6-00 -.1040*01 

.6961-00 .OO^O 

.2794-08 ,rono 

.4404-C9 .">nMo 

.o^or ."0^0 

NOT REPRODUCIBLE 

9»* 



X{ 6)-ro-C( 2) NÜHERATO« 

RQOT Li-fUS GAIN«   ,363^-nn 

Bonr r,;»yKi «  ,4.597*02 

ROOTS 

REAL 
PART 

-.3459-01 
-.3459-01 
-.91774.01 
-.2239*01 
-.2239*01 
.229P*01 

-.6783-00 
-.1339-07 
.0000 
.0000 

■* k 

IM/CIN.' RV 
PA HI 1 

.?713. •00 
-.7713- •00 

.^oou 

.?1164 01 
-.2116* 01 

,«0^0 
,"000 
.0000 
,nooo 
.nOOO 

HOT 
RtpROOUC\BLt 

. ■ 

X( 1)-T0-C( 3) NUMERATOR 

POOT LOCUS GAIN«  -,3lC?402 

BODE CAIN' «   .301*>4ü4 

ROOTS ► AftSS 

^EAL l!*»ClNARV   • 
PART PART 

.3576-07 ,?0Ö| 
-.597^-00 ."COO 
-.5325-01 .r'0C0 • 
-.1C«1*02 .«oro 
-.M39-01 .O3V*01 ■ 

-.fc<39-01 -.039*01 • 
-.2*02-00 ,10<9*Ol 
-.2bC!?-00 -.1C4V+01 

,0000 ."CCC 
,0000 .rOrO 

• 

95 
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X(   1)-T9-C(   3)  \U^ERATOe 

«OOT  LCCUS  5AI\i    -,1341*C2 

BODE  GAIN  ■       .2485*03 

ROOTS 

REAL 
PART 

.6986-00 

.6986-00 

.5760-00 

.3760*00 
-.3838*01 
•.2391*00 

.1997*08 
,0000 
,0000 

1MA5IN/RY 
PART 

.0000 

.8364*01 
-,836-4*01 

,7034-00 
■ 

•,7034-00 
,0000 
,0000 
,0000 
,0000 
,0000 

• 

X(   3)-T0^C<   3)  NUMERATOR 

HOOT LOCUS CAIN*    •,7339*02 
» 

BODE GAIN ■    •.2894*03 

I . - 

HOOTS 

REAL 
PART 

-.9697*01 
.1900*02 

-.9203*01 
-.3203^01 
-.1117*02 
-.2812*00 
-.2812-00 
-,6792*08 

.0000 

.0000 

IMAGINARV 
PART 

.0000 

.0000 

.1430-00 
-.1430-00 

.0000 

.1092*01 
-.1092*01 

.0000 

.9000 

.0000 
96 

■ 
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X( 4>-T0-C( 3) NUMERATOP 

ROOT LOCUS CAIN«  -,341«*02 

BODE GAIN ■ -.9588-11 

ROOTS 

■■ 

■ 

REAL 
PART 

-.7133-06 
.9713-06 

-.1357-00 
-.1357-00 
.9179-01 

-.1229*01 
-. 1229*01 
-.1412-00 
.1268-06 
.0000 

IMAGINARY 
PART 

,0000 
0000 
.1049*01 

-.1049*01 
.0000 
. 8263^00 

-.8263-00 
.0000 
.0000 
.9000 

DO-SiM.- 

; 

X(  5)-T0-C(  3)  NUMERATOR 

ROOT LOCUS CAIN«       (144fU02 

BODE GAIN «       .1127*00 

Rofo 

•*] j TO«R 

ee*t|tji     « s*u« soon 

- - 

ZT 
REAL IMAGINARY • 

PART PART 
r<uq .1198*01 ,0000 

.1177*02 ,0000 • m, 

.2829-00 .1055*01 - 

.2829-00 -.1055*01 *.- 

.6862-00 ,9000 

.6750-01 .2777-01 ■ .• - 

.6750-01 -.2777-01 . 

.0000 .0000 :» - 

.1118-07 .0000 :!:*^ 

.0000 .0000 

97 



X( i)-TO-C( 3) iMUMERATO"» 

ROOT LOCUS GAIN«  -,5370-üO 

BODE GAIN » -.4535*C1 

ROOTS 

REAL 
PART 

.1180*00 
-.148S-00 
-.1079*02 
.2176-00 
•2176-00 

-.1412-00 
-.1412-00 
.0000 
.0000 
.0000 

■ 

■ 

- 

3006 

IMACIN'RY 
PART 

.0000 

.0000 

.'»OOO 

.3538*01 
-.3538*01 
,5082.00 

-.5082-00 
,3000 
.nono 
.0000 

■ 

X< 1)»T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .8080-00 

BODE GAIN >  ,1767*03 
8;' 

ROOTS 

• 

,^ . 

REAL 
PART 

.1787-06 
-.1013*32 
-.6255-00 
-.1442-00 
-.1442-00 
-,2745*01 
-.2745*01 
.3562*01 
,1887-08 
.0003 

IMAGINE HY 
PAR? * 

.nooo 

.ooro 

."ono 

.?3i?3- 00 
-.'323- oc 
.1628* Cl 

-.16?^* 01 
.nOCO 
.0000 
,^ooc 

■ 

98 



X(   2)»T0-C(   4)   NUMERATOR 

ROOT LOCJS  SUUMJ     -.1917*02 

BODE CAIN ■ 

ROOTS 

-.3664-00 AC • • .; • 

REAL 
PART 

.6613-04 
-,2697*02 
-.1069*02 
-.1869*ÜI 
-.9344-00 
-.3670-01 
-.3670-01 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

.0000 

.0000 

.0000 

.0000 

.0000 

.2599-03 
-.?599.00 
.0900 
.oooo 
.oooo 

:,- 

^0 :6C, 

X( 3)-T0-C( 4) MUHERATO» 

ROOT LOCUS GAIN« -.3575-01 

BODE GAIN •  -.5299*02 

ROOTS 

REAL 
PART 

.1509-07 

.2961*03 
-.2316-02 
-.2316-02 
-.2120-00 
-.2120-00 
-.150**02 
-.3917*01 
.0000 
.0000 

.. «.-  «HIAO 

■ HU8 : 

ST0i>« 

IMAGINARY 
PAR* 

.^000 

.0000 

.2100-00 
-.2100-30 
.3255-00 

-.3255-00 
."000 
.^OOO 
.0000 
.^000 

' 
Ä- 

OQ-ift«,. 
5.' ■ 

£■ »Öt9,» 
- iC-^SX^,- 

-1SCS, 
r 

. 

99 
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X( 4)«T0-C< 4) NUMERATOR 

ROOT LOCUS CAIN«  -.9614-00 

BODE GAIN >  .31S4402 ■ 

ROOTS ^0* 

REAL IMAGINARY 
PART PART 

•.3663-01 .2612-00 
-.3663-01 -.2612-00 • 

-.4528*01 .0000 : .- 

.4699*01 .0000 .- 

-.imm .0000 .- 

-,9728-00 .0000 
.0000 .0000 .- 

.1152-06 .0000 • 

.5626-07 .0000 

.0000 .0000 
-. 

X< 5)»T0-C( 4) NUMERATOR 1    }X 

ROOT LOCMS GAIN« - .1525-01 ■ J "COP 

BODE GAIN ■  .2489> ■00 

ROOTS roo« 

REAL IMAGINARY 
PART PART 

-.5731-00 ,2889-00 
..5731-00 -,2889.00 ■ 

•,9789»01 .2122-00 
•»9789-01 -.2122-00 
.4768*02 .0000 ■' 

-.5724*01 .0000 •■ • 

.2086-00 .0000 ■ 

.2794-08 .0000 • 

. .0000 .0000 
.0000 .0000 ■ 

100 



BMMHHMI 

BODE GATN  ■ 

ROOTS 

.99994-01 

X( 4)-Tü-CC 4) NUMERATOR 

ROOT LOCUS GAIN«   ,9142+01 

REAL 
PART 

-.3739-01 
-.3739-01 
-.1934-01 
-.1934-01 
-.1091*02 
-.1867+01 

. 

IMAGINARY 
PART 

.2629-00 
-.2629-00 
,3394-00 

-.3394-00 
.0000 
.0000 

• 

-.9993-00 
.0000 
.0000 
.0000 

• 

,0000 
.0000 
.0000 
.0000 

.£;■ 

00' sfC 

• 

X< l)»TO-CC 9) NUMERATOR 

ROOT LOCUS GAIN*  ,2969+02 

BODE GAIN « -14076+02 

ROOTS 

REAL 
PART 

,2336-07 
-.109,.>+02 
-.123/+00 
-.4334-01 
-.1326+01 
-.1326+01 
-.2607-00 
-.2607-00 
.0000 
.0000 

, 

IMAGINARY 
PART 

.0000 
,0000 
.0000 
.0000 
.2847-00 

-.28*7-00 
,1060+01 

-.1060+01 
.0000 
.0000 

101 

■ 
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X< 2>-T0-CC 5) NUMERATOR 

ROOT LOCUS CAIN»   .111»'-01 

BODE GAIN •  -.1402402 

ROOTS 

REAL 
PART 

-.2S0S-01 
-.28Q8-01 
.2426*03 
.1550*02 

IMAGINARY 
PART 

,7763-01 
-.7763-01 
.3000 
.0000 

roap 

■ 

j **. * - - 

.3340*01 
•,3693-00 
.3693-00 
,0000 
,0000 
.0000 

,0000 
,1006*01 

-,1006*01 
,0000 
,nono 
oooo 

X< 3)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«   ,1066*00 

BODE GAIN ■   .4573*01 

ROOTS 

• . . 

■ ■ l   > x 

3" 

REAL IMAClNAftY 
PART PART 

.1682-06 .none 

.2164*03 .oono 

.1254-00 .9663-01 

.1254-00 -.9663-01 
-.4291-01 .ooco 
-.1196*02 .POPO 
-.2H16-00 .lCt2+Cl 
-.2616-00 -,1082*01 
.onoo .nooo 
.OOOP .cone 

102 



tätofftH 

X< 4)-T0-C( 5) NUMERATOR 

ROOT LOCUS CAIN«   ,0971-00 

BOOE GAIN «   ,4784-00 

ROOTS 

3 - 

REAL IMAGINARY 
PART PART 

',1765-07 .0000 ■ 

-.1407-06 .0000 i 
,1142-06 .0000 

-,3036-00 .1054*01 ■ 

-,303^-00 -.1054*01 
-.l?e4*01 ,6620-0n 
-,1»«4*01 -.6620-00 

gc». 

,2276-00 • nooo . 

.7335-01 ..cooo *vl. 

-,4705-08 .0000 < V. W ^  , 

• 

X( 9)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«  -.1960-00 

BODE GAIN s   ,3903-02 

ROOTS 

REAL IMAGINARY 
PARt PART 

,4236-02 .0000 
.1279*02 .0000 
.2011-00 ,1061*01 
.2011-00 -.1061*01 
,6956-00 .0000 
,4986-OC ,0000 
.6195-01 ,0000 
.1414-06 ,ocoo 
.1213-07 .0000 
• COCO .0000 

103 
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X( 6>«T0-C< 5) NUMERATOR 

ROOT LOCUS CAIN«   ,2061-03 

BODE GAIN ■  -»inO-OO 

ROOTS 

REAL 
PART 

,5128*01 
,3745*03 
,1125*00 
,1125*00 

•,1113*02 
•,4288-00 
•,4288-00 
•,1048-06 
,0000 
,0000 

IMAGINARY 
PART 

,0000 
,0000 
,4420-00 

•,4420-09 
.0000 
,1012*01 

-,1012*01 
.0000 
,0000 
,0000 

■ 

. - • 

■ 

■  ■, 

10^ 



CASE 9   tPM^aifttO rr/Tc,   M-'UT.   L. - PT/SPC.   (;*M^»   ü.o ore. 
C»O^S wrtfiMtatMOO«    «U.'  IFitL.  i.vs.^n   TIP I,OM  (vrs> 

iILPV DcMfV^TlVh'  ^ATurr.' S- 

Y 
z 
L 
M 
N 

' i 

-,2410*0? 
-,!>«9!»*0? 

,1&«3*C3 
-,fl039*ü2 

V 

-.332'*01 
-,3i7^*r)3 
-,323ft*n2 

.7339*03 

•.u:'*'j2 
-i/!67b*r,i 
-.^2!>9*ü3 

-.^36*>*03 
".:,»CJ*03 

p 

-.346W3 
-.I39**p4 
-,l?45*p4 
-,9066*P5 
-.5995*14 
-.3lo''*n4 

.14' 1*0^ 
-.3l',5*03 
-.42?7*03 

,*977*04 
-.1CIÄ«*D'. 

.7712*04 

H 
-.79.14*0^ 
,l2«i*f"l 
,9934*n3 

-,6762*03 
.2365*04 

-,4063*Pb 

t nor V or.T - PUT P  DOT Q  TOT «  DOT 
X 
y 
z 
L 
M 
N 

.9ift4-02 
-.77*1-02 

.1223-1? 
-.»775-nf; 
-.*l«>4-or 

.?2'-'*-ni 

-.61Pr-C4 
-.930'>-C4 
-,212^-n2 
-,2379-01 
-.323<-Pl 
-,7!>1?-P3 

-.m^-op 

-/'•^V-Ol 
.,;afi4*02 
.''«oj+Ol 

-.K16&-00 

-.237,»*i2 
.1601*11 

-.6?71*11 
.304A*r4 

-,5'»9'»*r2 

.7|,A4-'3? 
-.?1^3*Ci? 

.35*6*01 
-.1312*04 

.?n93*o/- 
-.3a7i*o? 

-,l02'i*oi 
,6349-01 

-,3094-00 
,1291*03 
,574«*C2 
,6021*11 

C(   1) C(   2) C(  -s) C(   4) C(   6) 
X 
Y 
z 
L 
M 
N 

-,7(?K44.04 
-.4102404 
-.163C*0A 

,69n7*0f) 
,7ft34*0b 

-.b03>*C4 
,153<*05 

-,3?23*C4 

,272':*0fc 
-,35«3*C4 

,5426*04 
.'/3b*05 
.?b23-»06 

-,79«&*C6 
,^164*0!> 

-.6Vl«*03 
.1261*05 
.2^51*02 
.2707*05 
.1530*04 

-.3B44*n6 

-.16« 7*0?. 
,9br'9-p',: 

-.7V79*Q3 
-.1610*0^ 

,:i«.o*rm 
,n7M*0? 

'■ 

THE   INERTU   TCN8W ■'3"''-{ ' 

,115. ♦Cb       .0000 -.l.S4i*'4 
»OOor .sonc+os     .ooor 

-.1K41*C4        .0000 .549?*f>5 

TRIMMED  VtLOCITlES   WITH qtS^E^T  TC  ^Vt««LU  VEHICLE  ^EPbrfevCF   /XPS- 

.i6«e*a3   -,o^o', 
w p 

'.7160*01     -.0*00 ,00^1 -.OOOP 

TRIMMED   ITEOATION   COLUM'.  VECTr^,   TE- 
i 

,J94«-00  -.939>!-n?   .^5&3-01   .3773-'M -.<2?7-JI  -,25(j7-Ci 

STABILITY AXIS L-YSTti'i E'l^R A'.Gl tS-   T^ETA«  ,'!34b-05   PHI   -.PSC^-Ol 
AIRCRAFT IMERTIAL SPEED«  ,1«90*C)3 

- - ■ - 
■ 

105 



NNOMtNATOn CHARACTERISTIC 
ROOTS 

. 

REAL IMAGINARY 
PART PART 

-.3*92-01 .0000 
~.10*2*02 .0000 
-.4014*00 .1910*01 
-.4014*00 -.1910*01 
-.4i2*-0X .lISl.OO 
-.4124-01 -.iSSlvOO 
-.1900*01 .9940-00 
-.1900*01 •.9940-00 
.0000 .0000 
,0000 .0000 
.0000 ,0000 
.0000 .0000 

■ 

'■ ■ 

(NOTE^NUftERÄTO* ROOTS LESS THAN l,0E-7 TIRES THE 
tSmaT NUSRATOR ROOT ARE NOT INCLUDED IN THE BOOE OAIN). 

X( 1)-T0-C( 1) NUMERATOR 

ROOT LOCUS SAIN«  ,1301*02 

iOOt OAIN • -.4430*04 

ROOTS 

REAL 
PART 

.3*94*07 
-.9212-00 
-.4117-01 
-.4140-00 
-.4140-00 
-.1070*02 
..4492-00 
.4492-00 
.0000 
.0000 

IMA6INARV 
PART 

,0000 
.0000 
.0000 
.1492*01 

-.1492*01 
.0000 
.9697*01 

-,9497*01 
.0000 
.0000 

■ 
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% Tl 

X(   t)-TO-C(   I)   NUMERATOR 

«OOT  LOCUS CAIN«       .9172*01 

BODE  GAIN ■       .44034>03 

K00T8 

REAL IMAGINARY 
PART PART 

■ 

-.1004-06 
.6410-01 

.0000 

.4604-00 
■ 

.6410-01 •.4604-00 

.3066-01 .nooo 

. 

■ 

■ 

-.4942-00 ,0000 
-.1250402 .1502*02 
-,1250*02 
-,3823*01 .0000 

•i*  >* 

.0000 .0000 • 

.0000 .0000 

X(   3)-T0-C(   1)  NUMERATOR 

ROOT LOCUS GAIN«       .3362*03 

BODE  GAIN «    -.1197-02 

ROOTB 

• 

REAL IMAGINARY 
PART PART 

.1340-04 .0000 
-.1078+02 .0000 
-.1619-00 .nooo 
-.2211-01 ,ooco 
.7003-01 ,0000 
.4060*01 .0000 

-.4114-00 ,1499*01 
-.4114-00 -.1499*01 
.0000 .3000 
.0000 .nooo 

> 
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X< 4)-T0-C( 1) JÜ;/IEnATn«J 

ROOT LOCUS GAIN«  .1197*r? 

BODE GAIN' »  -.1569-03 

ROOTS 

REAL 
PART 

-.4046-00 
.5036-00 
.7023-01 
.7023-01 

-.1255*01 
-.1255*01 
.1574-05 
.2466-07 
.0000 
.2887-07 

lMACl:v;iRv 

PAR* 
.nooo 
.^onr 
,9470-Cn 

-.9470-0^ 
.1718*01 

-.1718*01 
."000 
»oooc 
,npoo 
.0000 

■ p 

• 

X( 5)-T0-C( 1) NUMERATOR 

R00T LOCUS GAIN« -.1215*02 

BODE GAIN ■  -.4713-00 

ROOTS 

■ 

«EAL I^AGlv.^Y 
PART ftu* 

.2220-01 .noOO 

.7029-01 .■<76B-J1 

.7029-01 -.376d-01 

.1115*02 .  "^•: 

.409^-00 .?..'5r7+:: 
,4ü9»-on -.150 7*03 
.1006*01 .-'D">:: 
,1456-07 " n " r- 

.9313-07 »noG,: 

.0000 .-^o0: 
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X( 6)-TC»C( 1) Nlj^HATO- 

ROOT LOCUS 5MM«  -.997^-00 

BODE RAIN ■   .idol ♦ 02 . 

ROOTS 
■ 

r 

REAL IMACINARV 
PART PAR* ^ 

-.221P-00 .4607-00 ' 
-.2215-00 -.4607-00 
-.4607-00 .0000 
.3056-00 .3350-00 
.3056-00 -.3350-00 • 

-.1755*02 .0000 
-.4327*01 .none • 

.ocor .ooco . 

-.6985-09 .0000 
.0000 .0000 

X( 1)-T0-C( 2) NUMERATOR 

ROOT LOCUS CAIN«   .14294.02 

BODE GAIN • -.2325*04 

- 

^ 

ROOTS 

^ 
1 " 

• . 

■ 

REAL IVACIMRV 

PAPT 
-.1089-06 

MPT 
.r000 

■ 

-.766?-rn .f,orc 
-.649ft-Cl ."one 
-.999?*01 .^000 
-.1284*01 .3532*01 
-.12844.01 -.3532*01 
-.3635-00 .3475*01 
-.3635-00 -.?475+01 
.ooon .-■ooo 
.0000 .-o^o 
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X< t)«TO-C< 2) NUMERATC» 

«OOT LCCUS CAIN«  -.3156*C2 

BODE GAIN ■   .2163404 

ROOTS 

REAL 
PART 

-.6119-02 
-.6119-02 
-.4083-00 
,497^01 
.4 •7»*01 

-.1759*01 
-.1759*01 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

.1834-00 
-.1834-00 
.rooo 
.<?134*01 

-.9134*01 
.1221401 

-.?.2?1*01 
.0000 
.HOOO 
.rooo 

■ 

. 
-A.- 

■ 

• 

X< 3>-T0-C( 2) NUMERATOP 

ROOT LOCUS GAIN«   .3492*01 

BODE GAIN «   ,2170*03 

i 

■ 

ROOTS 

REAL 
PART 

-.1526-01 
-.1526-01 
-.1200*00 
,3318*03 

-r7l40*01 
-.3840-00 
-.3840-00 
.0000 

..0000 
.0000 

IMAGINARV 
PART 

.9454-01 
-.9454-01 
.0000 

• .0000 
.HOOO 
.1492*01 

-.1492*01 
.nooo 
.POOC 
.nooo 

■ 

■ 

no 



X( 4)-TC-C( 2) NUMERATOR 

ROOT LOCUS CM*»  -.792**02 

BODE C4IN •   .4878*09 

• JX 

ROOTS 

REAL 
PART 

,1413-05 
-,l5»l9-05 
-.4542-00 
-.4542-00 
-.3841-01 
-.3»n-01 
-.1003*01 
-,16Q3*01 
,4098-07 
.0000 

IMAGINARY 
PART 

• 0000 
.nooo 
.1476*01 

-,1476*01 
,2070-00 

-.2070-00 
.3632-00 

-.3632-00 
.0000 
,0000 

X( 5)-T0-C( 2) NUMERATOR 

ROOT LCCUS CAIN«  -,812^0l 

BODE GAIN I  -.1058*01 

ROOTS 

REAL 
PART 

.6390-01 
,8735-01 
,8735-01 
,6393*01 
.3923-00 
,3923-00 
,9113-00 
,1316-07 
.1130-07 
,ooon 

IMAGINARY 
PART 

.0000 ' 

.8341*01 
-.8341-01 
.0000 
.1494*01 

-.1494*01 
.0000 
.nooo 
.pooo 
.0000 

■ 

I 

./ 
,-'• 

- 



X(   6)-Tr-C(   2)   ^UMKHATC« 

ROOT u:CüS CAIN'«    -,t»0J*PJ 

90DE   r.M*.  t       .*221*Ze 

ROOTS 

REAL 
P^RT 

.1W-07 

.2579-06 

.4014-01 

.4014-01 
■.2171*01 
•.2171*01 

.1674*01 

.1674*01 
,9310-00 
.0000 

.^non 

.rooc 

.?C4l-DC 
-.?0♦l-P', 

-,14R3*01 

.* 70^-i-Dl 

-.1799401 
.r.OPG 
.0000 

■ 

- 

I 

X( l)-TO-CC 3> NUMERATOR 

ROOT LOCUS GAIM«  -,2759*02 

BODE GAIN c   .5165*04 

ROOTS 

REAL       !' .f.tl\L** 
PACT »At' 

.7815-07 ,'Zrz 

.8120-00 .PD'" 

.3877-ni #» ä r- *- 

,4024-00 1 4 9 r» * J1 
.402<-n0 , 14 9 V ♦ C J 
.1074*02 »' 

.1551-00 47ö4'«-Cl 
,1551-00 l47P4*u3 
.0003 ^,?r '■ 

.ooo: "i A r ' 
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X( 2) -TO-C{ 3) NÜMEUTOe 

»OOT LCCüS GAl^»  • .1207*C2 -  M< 

BODE GMN ■  -.0300" «-02 -Qtli.   *   ' 

ROOTS | . 

REAL IMAÜJMM JA 
PABT PART *^ 

.6749-02 • 0000 •'S.-' 

.2166*02 .0000 ?«.. 

.5549-00 .^000 it. 
-.2373-00 ."OOO 

1» ■*s,- 
-.46ec*31 .^QCO ..J-S.- 
.1629*01 .?225*D1 . « 
.1629*01 -.?225*0l Jt3*A£« 

-.3562-07 •£HS .OOCO 
.0000 .?ooo 

X(   3>-T0-C(   3)   MUMERATO* 

ROOT LOCUS  SAIN«    -.1385*03 

BODE GAIN  ■     -.1574*03 

ROOTS 

4GrA?P tt )^-8T'^ 

«^JAI) 

REAL iMAßlNARV 
PART PART 

-.295'J-Cl .5947-01 , 
-.295^-01 -.5947-31 
-.524<J-oi 
.1017*02 

.?ooc 

.^300 
-.1111*R2 
-.4032-00 .1504*01 
-.4032-00 -,i5P4*tn; 
.OCC^ .'ion 

• 

.000', ."OOC 

.000^  • . r> 3 p n 

■ 

113 



X(   4>.T0-C<   3)   NUMERATOR 

ROOT LOCUS ßktH*    -.3281*02 

.. ■ 

BODE GAIN 

ROOTS 

.1170-15 
• 

REAL 
PART 

•.2380-07 
.4733-06 
.1514-05 
,3206-09 
•.2438-00 
.2433-00 
.l3Ti4*01 
.1334*01 
-.1761-00 
.1146*00 

IMAGINART 
PART 

.0000 

.0000 

.nono 

.0000 

.1447*01 
-.1447*01 
.1333*01 

•.1333*01 
.0000 
.0000 

• 

: ' ■ ■ - 

■ 

. • ■ 

X( 9)«T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN«  .1600*02 

BODE GAIN •  .2419*00 

Mm.. 

■ 

■ 

i  jx 

. 

I 

REAL 
PART 

.1252-01 
•.1163*02 
•.4039-00 
-.4039-00 
-.9100-00 
-.6395-01 
•,6395-01 
.0000 
»2561-06 
.0000 

IMAGINARY 
PART 

.0000 

.0000 

.1506*01 
-.1506*01 
.0000 
,2416-01 

-.?4i6-Cl 
.ccoo 
.ncoo 
.0000 



""■" II"'    ' IIIP»ail 1    IIHI   UPIIIIIII   I 

X(   ?)«TO-C(   4)   ril/HfcPAfa» 

»OOT  LOCUS  CifM     ~,?f>r*:i*r? 

BODE  CAIN  •       »«fO|#02 

ROOTS 
■ 

■^ 

v 

PEAL 
PA'T 

••4665-02 
•,4477*C2 
•.1C7740? 
•.1579*01 
•.1570*ri 
•,411(S-P1 
-.4116-01 
.ooon 
.ooon 
.ooon 

I^GI . 
f- a •. 

»"Ooi 
i^£0 

• f 75^ 
-.,i7t>i, 

.noco 

.lOf c 

."ore 

i 

■ 

X( 3)-T0-C{ 4) NUMERATOR 

ROOT LOCUS SAIiN»  -.3733-Qi 

BODE CAIN •  -.3344*02 

ROOTS 

^ 

^ 
<* 
$ 

AV ̂  

PEAL 
PAPT 

-,3345-Cl 
-.1345-01 
.19?H*C3 

-.208fi-na 
-,2o««-m 
-.2«23*ri2 
-.635l*01 
.coon 
.onoi 
,ooo^ 

IMACIN» 
PAWT 

.1416-0^ 
-.14l^-r)f, 

»roon 
.?H99»»0r 

,"000 

^v 

• 
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wwmi ...   i     ut'Wt;'' " I 

X(   6)-T0-C(   ?)    lU^t^ATPt. 

«DOT  LOCLS   CAIN»     -,2015*01 

BODE   GMN   «     -.**55*öl 

ROOTS 

REAL 

,1240*00 
-.i«2?-no 
-.1965-09 
-.19B5-00 
-.6177*01 

,46fl3-0Q 
.4683-00 
.0000 
.ooon 
.0009 

I "ACINMHY 
FAR* 

.rcoo 

.rooc 
,6045-00 

-.«C<5-00 
.rcoo 
,706d*Ol 

-,?B68*01 
.0000 
.^000 
.HOOO 

X(   1)-TC-C(   4)   fUjMERATQR 

ROOT  LOCUS   GAIN«        ,1490*01 

BODE  GAIN  *       .2266*03 

ROOTS 

REAL 
PAPT 

.2476-06 
•.lCb3*02 
•.12*6*00 
•.1246*00 
•.9741-00 
•,2516*01 
■.2516*G1 
.29044-01 
.0000 
.occn 

IMACINARV 
PART 

,0000 
.^ooo 
,1944-00 

-,1944-OfJ 
,0000 
,H»12*01 

-.1612*01 
.O0C0 
.oooc 
.rooo 
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X(   4).Tr,-C(    4)       .^■ATQt 

ROOT   LQCUb   th]  's      -.1^57*01 

BOOE   GAIN  s        .7179*04 

POOTS 

REAL r ^Gi\wv 
PA<5T F1^T 

.?55?-C7 .01.13-0 1 
,2r.t>i-.-o7 -.nnj-oe 
.IftO^-')1? ^on-] 
i60ü4t51 .^oc^ 
.lö5l*0l »f!?3;$«on 
,1^1*01 -,Ä03i»on 
,4579*i)J .nof?o 
,40Äf.-!U .IflOii-gr. 
,406H-01 -,1«*»,4«(3.'1 
,üOO: .no«ri 

X(   5)-T0-C(   4)   f'l'MERATO^ 

ROOT  LOCUS  r,AI\«     -. 699^-01 

BODE  CA^  »       .2145-00 

ROOTS 

•.«4»r-o;; 

.im*)? 
'.754r»*oi 
.len'i-rv» 

.4«-5«S-'l7 

I'UGI'V'  wv 
PA-<' 

-.13H6-Cn 
.1731-00 

-.I73i-C,1 
.nonn 
.«ono 
,nor.n 
.r»ono 
."cnr 

rZr<0 

117 
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''tftWMMHBHHHBHi 

X(   6)-T0-C(   4)   JuMERATOr» 

ROOT  LOCUS  CAI^       ,695r*0l 

BODE CAIN' • -.A962+01 

ROOTS 

REAL IMAG1NURV 
PART PART 

-,4048-01 .1903-00 
-.404A-P1 -,i9n3-cn 
-.3819-01 .3255-00 
-.3819-01 -,32S5»00 
-•1068*02 .0000 
-.1579*01 .5762-00 

-,1979*01 -.5762-00 
.oocc .0000 
.0000 .r^ooo 
.0000 .rooo 

X(   l)-TO-C{   9)  NUMERATOR 

ROOT LOCUS CAIN«       .3411*02 

BODE  GAIN >     -.6390*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.7786*08 .0000 
-.1063*02 .0000 
-.4005-00 .1912-01 
-.4009-00 -.1912*01 
-.2649-01 .0000 
-.1522*01 .7318-00 
-.1922*01 -.'318-01 
-.9918-01 .0000 
.OOOn .rooo 
.0000 .noorj 
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X(   2)-T0-C(   b)   'iUMERATOR 

ROOT  l.OCUS  r.AIV»        .1477-01 

BOOE GAIN ■  -,3377" ■02 

ROOTS 

REAL IKAC1MHY 
PART PART 

-.2417-P1 ,«547-01 
-,2417-01 -.«547-01 
.103^04 ,0000 
,75104.Q1 .nooo 

-,3197*01 .0000 
-,4642-00 ,9707-00 
-,4642-0(1 -,9707-00 
.0000 ,0000 
,0000 ,0000 
.0000 ,0000 

X(   3)-T0-C(   5)   NUMERATOR 

ROOT LOCUS GAIN»       .1620*01 

BODE  GAIN «       ,7637-00 

ROOTS 

REAL IMAGINARV 
PART ■ PART 

.1139-01 .0000 

.2262*02 .0000 

.2687-00 .0000 
-.2256-01 • oooo 
-.1254*02 ,0000 
-.4103-00 .1513*01 
-.4103-00 -,1513*01 
-,1697-06 ,nooo 
.0000 ,0000 
.0000 ,oooo 

119 
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KOOT LOCUS GAJN«      ,i9:-4'-! 

BODE   GAIN   «        .^DTfr-C'S 

ROOTS 

REAL I^ACl1'••'■*' 
PART PAK' 

.sm-n .l?6»^-^ 

.5«21-C1 -.1255-:" 

.ocr-oo .I45i*:: 
,43or-on -.«45>:*:: 
.1»02*01 .^i«2-: 
.1502*01 -.OiAp.Q" 
.1522-35 ,nD^r 

,5633-07 .^03: 
.214?-C7 ,^onc 
.0000 .noco 

X(   5>-T0-C(   5)   ^*EKATOP 

ROOT LOCUS  GA!\«     -,lÄ7'-00 

BODE  CAIN a       ,1202-Cl 

ROOTS 

REAL iP'.Aßl!.   -v 
PART PAfr 

.1005-01 ,0000 
-.1514«:2 .^r: 
-.407?-nn .151*-.?. 
-.4072-30 -.r5i«*-- 
-,906n-?r 

,369?-Du ."C": 
-,508r.-oi . - c:: 

.2263-07 ."CM. 
-.7272-06 .^ooo 

.000" .mz*z 

120 



I( •)-TO-C( 9) NUMERATOR 

ROOT LOCUS CAIN«   .•09Ä-01 

BODE GAIN • -.4e00"00 

ROOTS 

REAL IMACINARY 
^ART RART 

.7tl6-01 .1428*00 
,7»1«-01 -.1428-00 
,4974*01 ,0000 
t98oa-00 .0000 
.432M01 .0000 
.6891-00 .9977-00 
,6891-00 -.9977-00 
.3493-07 .0000 
,0000 .0000 ' 
.0000 .0000 

N 

121 
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f'WM ■«m 

LOC >IP5D  4Mb64  HfeLlCOPlt«       JH'.t   lil   1^70        M08T*B-IJ  CtHIVATIVfcb 
CASfc   10  SPEED»      V.6   FT/^EC.      U-nr)Ti   -V.A   FT/Src.      r.«MMA«-90.0   t)FCt 
CHOS8  WEIGWT«1!)6J0.      .»tA   LEv^tL.    ,v   •'■•I1C   TtP   LOSS   (VES) 

STABILITY   DgRIVAriVE   M4THIcr.S- 

U V I (-' n H 
i -.IÜ3S*C3 -.146«*ül -.■<,"/-.)() .lP54*n4 .2779*01 -.195«J*03 
y -.^949*0i -,22f.)',.*t)2 .•Mn/4-Cjl ,4ift«*nj -.3731*03 ,1514*04 
Z -.IJ60*01 -.l73:.*J)i -.57A,J*01 ,9«P,>*02 -.1569*04 -,4632*03 
I -,l03Je*03 .3336*113 .7241*0I -.1217+05 -.«920*03 -,1181*04 
n -,/8!»6*02 -.6321*02 -.441H*(,3 ,6409*04 -.8794*05 ,1001*05 
^ -.i?H06*Ü2 .42«Jl*03 -,ri5h5*02 -.1152*04 -.1094*05 -.0655*05 

U  DOT V   00T W   DÜT P  DOT a DOT R  DOT 
X .6702-03 .6339-Ü4 -.?1«>3-,J4 -.2676-01 .1518*01 -.2967-00 
Y -.V814-02 -.84/1-03 .3777-03 .1390*01 -.2404*02 -.1540*01 
z ,1403-01 .27V4-03 -, -tSrto-C« -.4^36-00 .1514*01 -.2406*02 
L -.1263-02 .M7ni-n2 -.4591-02 .1863*02 -.1434*03 .1466*03 
M .X7ÄI-P0 -.9.'54l-02 .1*73-31 -.1934*03 .2944*04 -,1422*04 
v- .1123*00 .59i»2-ü2 -.163!>-Ü2 -.3257*02 .1420*04 ,2V60*04 

C(   1) C(   2) C(   3) C{   4) C(   5) 
X -.1113*06 -.1089*04 -,662i>03 -.6002*03 .5460*02 
Y -.66b0*04 .l9o4*ni> ,5364*04 ,C933*04 .2367*01 
Z .6675*02 .5404*04 -,l9n.H*05 .5136*01 .2504*04 
L .Ü684*06 -.3231*05 .33^3*C5 -.2^9fl*06 -.8440*03 
M -.3058*04 .273«*06 -.6«4;♦ü",• -.2355*05 .2575*04 
N -.3364*04 -.6a5b*06 -.2752*ü6 -.3691*04 -.3001*02 

THE   INEUTI«   TENSOR 
,5497*05       .2900*03     -,73»8*03 
,2900*03       .5002*05     -,4310*02 

-.73ön*03     -.4310*02       ,1151*05 

TRIMMED VELOCITIES Wim RESPECT To üVCCALL VEHICLE REFERENCE AXPS- 

J V W P Q R 
-.1631-00  -.5591-00   .9582*01  -.0000     .0000    -,0000 

TRI^MEO ITERATION COLiJM^^ VECTOR. TE- 

.2286-00   .5«42-03  -,'»838-02   .1617-00   .1699-01  -.5626-01 

ITARILITY   AXIS   SYSTEM   EULL«   ANGLFS-        THETA»      .1572*01        PHI      .0000 
AIRCRAFT   HERTIAL  SPEfcD»     .9600*11 

^ 

&* 
s* 

AV .^ 

122 



<r**** 

IW- r»i mmmmmv**'* 

LOCKWeiD  AH96A  HELICOPTER      JUNE  10  1970      MOSTUHi DERIVATIVES 
CASE   11  8PF.ED*   33.a FT/SEC,     H-DQT«   -9.6   FT/SEC.     CAHMA«-1«»9  DEC, 
CROSS  WFK.HT'XböüO.     SEA LEVEL.   DYNAMIC  TIP LOSS  (YES) 

STABILITY  DERIVATIVE  MATRICF.S- 

K 
Y 
Z 
L 
M 
N 

X 
Y 
z 
L 
M 
N 

X 
V 
z 
L 
M 
M 

U 
•,en79+02 
.333b*01 

•.1605+03 
•.142U03 
,3060*03 

•.2144*03 

Ü  DOT 
•.1494-01 
,1468-01 
,1067-01 
.1112*01 
.6547-00 

•.3714-00 

C(   1) 
•.3008*05 
•.6861*03 
•.»802*05 
.4812*05 
,7879*05 
,2194*06 

.1432*01 
•.2831*02 
'.1380*01 
'.2762*03 
'.6649*02 
.4310*03 

V DOT 
•.6614-04 
.1347-03 
.9861-03 
.4930-03 
,2867-01 
.2485-02 

C( 2) 
,4790*04 
.1811*05 
.3381*04 
.6494*06 
.2754*06 
,2114*06 

-.2732*02 
-.8629-00 
«.1089*03 

.6719*01 
-.9966*02 
-.3429*02 

W DOT 
-.4810-01 

,4690-01 
.3429-01 
,3603*01 
.2109*01 

-.1194*01 

C(   3) 
.1737*03 
.5607*04 

-,2966*04 
,2619*06 

-.6890*06 
-,»197*09 

P 
•.2874*03 
-.1402*04 
.4110*03 

•.7962*09 
•.8933*04 
,1896*09 

P DOT 
-.2077*02 
.6518-00 
.1481*02 
.2700*04 
.1396*04 

•.8763*03 

C(   4) 
.1846*03 
.7794*04 
,2297*02 
.6307*09 

'.4741*04 
-.2270*06 

0 
.1999*04 

•.3472*03 
-.2843*03 
.9178*04 

•.8689*09 
'.9160*04 

Q DOT 
•.3069-00 
',2580*02 
.1049*01 

•.1347*04 
.2963*04 
.4238*03 

CC 9} 
,6239*04 
,7283-03 
.1967*04 

•.1916*04 
.6710*04 
.4283*03 

,3199*03 
,9266*03 
,7961*03 
,1989*09 
,4992*04 
,2177*09 

R DOT 
,6499*01 

•,2071-00 
',4901*01 
•,8394*03 
',4179*03 
,2804*03 

THE   INERTIA  TENSOR 
,1532*09 -,3822-09 ,1231*09 
,3822-09 ,9000*09 ,1397-09 
,1231*09       ,1397-09      ,9118*09 

TRIMMED  VELOCITIES WITH RESPECT  TO  OVERALL VEHICLE  REFERENCE  AXES« 

U V 
.3228*02    -.3725-08 

W P 
.1002*02    -.0000 .0000 

R 
,0000 

TRIMMED ITERATION COLUMN VECTOR. TE- 

,2049-00  -.1744-02   .1020-01   .1294-00 .1294-01  -,4309«ft 

STABIL   TY   AXIS  SYSTEM EULER  ANCLES- 
AIRCRAFT   INERTIAL SPEED'     .3380*02 

THETA"  -.2881-00       PHI   -.«97l-n 

123 
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STABILITY  ^t^IVftTlvt   *1ATrtICES- 

y 

L 

■J 

r 
z 
L 
M 
N 

-.6395*02 
.9959-011 

-.1103*03 
-.V119+Ü2 

.1801*03 
-.1937+OJ 

U   ^OT 
-.17H7-Ü1 

.1239-01 

.1234*-C1 

-.2391-00 

C<   i) 
-.1<32*C5 
-.16ft3*04 
-.iieo*36 
-.1078*05 

.2217*06 

.1245*06 

V 
.1«07*01 

-.3^*02 
-.127'3*C1 
-.2510*03 
-.4532*0? 

.4994*-03 

V  DOT 
-•1056-04 
-.l?»6-03 
-.«4M-T03 

.12y.-',-02 
-.2'J31-01 
.44^2-03 

Cl   2) 
•.6019*04 
.16t>7*05 
.1330*04 
.66*0*06 
.2763*06 

■.1220*06 

" . 4'<9>*0? 
■.1921*01 
-.249^03 
-.3dft2*02 
-.1927*03 
-.?07L'*ü3 

I« DOT 
-.1143*00 

.f»001-01 

.Piflh-Dl 

.79ig*oi 

.4374*01 
•.1534+01. 

C( 3) 
.1752*05 
,o24«**04 
.1650*05 
.2716*06 

■.6970+06 
,2564*05 

P 
-.2*53*03 
-.1666*04 
-.1357*03 
-.0715*^5 
-.8416*04 

.1086*0» 

P  TOT 
-.2301*02 
-.8424-00 

.6153*01 

.2905*04 

.1387*04 
-.5432*03 

C(   4> 
-.1992*03 
.7?H3*04 
.1790*02 

'.2778*05 
•.1792*04 
.2197*06 

a 
.1855*04 

-.2405*03 
-.2308*03 

.9451*04 
-.9408*05 

.4188*03 

Q  DOT 
.1119*01 

-.2923*02 
.9143-00 

-.1367*04 
•2930*04 
.2294*03 

C(   5} 
-.9673*04 

.3017-02 

.1564*04 
-.3954*04 
.1020*05 

•.3730*03 

TM£   IMERTU   TENSOR 

'£lt*0Z    --2058-05       ,6637*04 
-,205^-05        .'»000*05       ,3647-06 

.6637*04        .3647-06        ,5396*05 

.9453*02 

.9718*03 
,8093*03 
,9968*04 
,3708*04 

-,2385*05 

R DOT 
.4365*01 
.1300-00 

',9372-00 
■,4529*03 
.2161*03 
.9331*02 

DIMMED   VELOCITIES   .ITH  ASPECT  TO  OVERALL   VEHICLE   REFERENCE   AXES- 

Ü V 
.6699*02      -.3725-08 

W p 
.1047*02     -.0000 

Q 
.0000 

R 
-.0000 

TRIMMED ITERATION COLUrg ^'ECTOM. TF- 

.1648-00  -.2967-02   .1915-01 

STABILITY   AXIS  SYSTEM  EJLEH  ANRLES- 
AIRC^AFT   I'JERTIAI.   SP^ED*      .67.10*02 

.5098-01       .1295-01     -.2007-01 

THETA«   -.1421-00       PHI   -.2027-01 

^ 

^ 
^ 

AV .^ 
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■ 

LOOHP.eO   AH56A  HELICOPTM       jjr,f-.   ij  i97n       MQSTAU-B DEWIVATIVRS 
CASE   13   SPr.En»101.5   FT/SEC,      H-POTi   -9.<S   FT/SPC.      GAMMA«   -5.410^0. 
CHOSS  WEICHT«lA600i     5FA  LfcVF.L.   DYNAMIC   TIP  ^.035   (Vf.;S) 

STASILITV   PEKIVATIVh   MAT« ( ".TS- 

X 
Y 
z 
L 
M 
N 

-.4197*02 
.7r«b-oi 

-,/0B7*02 
-.6465*02 
,1541*C3 

-.1057*03 

.1716*01 
-.49»S+C'2 
-.1215*IU 
-.25112*03 
-.358;>*02 
.5906*03 

-.3752*03 
-. JP''U*Ü1 
-.3?13*C3 
-.3674*02 
-.l*>?8*ü3 
-.^41^*03 

-.31^3*03 
-.1566*04 
-.5238*03 
-,8812*05 
-,7736*04 
.4130*04 

.1710*04 
-.22M*03 
-.2479*03 
.8800*04 

-.9713*05 
,3953*04 

,6i»«**n2 
,1-04*1,4 
,9326*03 
,5133*04 
,3055*04 

-,2918*05 

X 
Y 
z 
L 
1 
N 

U DOT 
-.1283-01 
.74^1-02 
.4393-03 
..»756-00 
.4X74-CC 

-.1095*00 

V DOT 
-.1780-03 
-.2166-03 
-.8071-03 
-.2062-(l2 
-.1563-01 
.2^79-02 

Irf POT 
-.1720-00 
.1.134*00 
.S693-Ü2 
.1201*02 
.6502*01 

-.1S0»**01 

P DOT 
-.2782*n2 
-.4923-00 
-.3619-00 
.29ft3*f?4 
,1377*04 

-,3542*03 

1 DOT 
.1094*01 

-.2670+02 
,2002*01 

-.1343*04 
,2998*04 
.1176*03 

R DOT 
,2033*01 
,3637-01 
,2462-01 

-.2187*03 
-.1013*03 
,3439«-02 

X 
Y 
z 
L 
M 
N 

•C( D 
-.1676*05 
-.2558*04 
-.1379*06 
-,4H2Ü+C5 
,3323*06 
.JG67*06 

C( 2) 
-.5890*04 
.1543*05 

".24U*Ci2 
.6722*06 
,2724*06 

-.7241*05 

C( 3) 
.1812*05 
.^909*04 
.3471*05 
,2668*06 

-,7134*06 
,1229*05 

C( 4) 
-,2804*03 
,9225*04 
,1834*02 

-,1247*05 
-,8973*03 
-.2804*06 

C< 5) 
-.1230*05 
,4737-02 
,9504*03 

-,7185*04 
.1225*05 

-,2124*03 

INERTIA TCNSOH 
• 1173*05  -, 
2107-05 
3181*04 

2107-05 
5000*05 
1751-06 

3181*04 
1751-06 
5477*05 

TRIMMED   VELOCITIES  WITH «ESPECT   TO  OVERALL  VEHICLE REFERENCE   AXflS- 

U                         V                         W                          P Q                          R 
.1012*03     -.5588-08       ,7441*01     -.0000 .0000            -.0000 

TRIMMED   ITFRATION COLUMN VECTOK.   TE- 

.1572-00     -.3394-02       ,2530-01        ,3443-01 -,2135-01     -.1637-01 

STABILITY   AXIS  SYSTEM  EULEK   ANGLES-        TMETA«   -.9474-01        PHI   -.1644-01 
AIRCRAFT   IMERTUL  SPEED»     ,1015*03 

HOT 
REPROO UCIBU 

s -1" 
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MiKGM 

LOCMNIEO  AH54A HEL1C0PTF.H      JUNE  10  1970      M0«T*B-B DERIVATIVES 
CASE   1«   SPEE0«16V.0  FT/SEC.     M-OOT«   -9.A   FT/SEC.     CAMMA-   -3.250EC, 
CROSS  weiCHT»lb6ÜO,     SEA  LEVEL.   DYNAMIC  TIP LOSS  (VCS) 

•TARIL1TY DERIVATIVE MATRICES- 

X -..ia?6*02 .1525*01 -.1871*02 -.3528*03 .1318*04 .9991*01 
Y ,3373-00 -.6991*02 -,4441*01 -.1211*34 -,2281*03 ,1339*04 
z -.!»07B*02 -.1402*01 -.4275*03 -.1133*04 -.5014*03 ,8842*03 
L -*»286*02 -.2616*03 -.2977*02 -.8756*05 6966*04 ,2025*04 
M ,6379*02 -,2202*02 -.2242*03 -.5310*04 -.1038*06 ,2269*04 
N -.&775*02 .7445*03 -.2033*03 -.1312*04 .7714*04 -,4034*05 

U DOT V DOT W DOT P OOT Q OOT R DOT 
X -,5X39-03 -.1213-03 -.2311-00 -,2217*02 .4567-00 ,2245*01 
Y -.5342-04 -.3091-03 .1278-00 .0441-00 -.1960*02 -,2550-02 
Z -.1898-02 -.2675-02 -.4115-01 -,5039*01 .4327*01 -,2300-01 
L .1484-01 -.96B0-02 .1957*02 .3054*04 -.1264*04 -,4409*01 
M .1627-01 -.2434-01 ,1005*02 .1339*04 .3035*04 -.2884*01 
N -.5113-03 .2935-02 -,1400*01 -.1981*03 .1970*02 .8711*01 

C( 1) C( 2) C( 3) C( 4) C( 5) 
X -.1628*05 -.4638*04 .1601*05 -,5347*03 -.1655*05 
Y -,3921*04 .1311*05 ,5000*04 .1260*05 .7933-02 
Z -.1650*06 -.9644*03 .6752*05 ,2260*02 .1312-02 
L -.7425*05 ,6663*06 .2455*06 ,1037*05 -.1600*05 
M ,5847*06 ,2638*06 -.7826*06 .6736*03 .1411*05 
N ,3471*05 -.2922*05 ,4484*05 -.3842*06 -.2732*01 

INERTIA TENSOR 
' 

t 1150*05 -. 4243-06  . 6538*02 
-, 4243-06 5000*09 7206-09 

i 6538*02 7206-09  , 5500*05 

TRIMMED  VELOCITIES WITH RESPECT  TO OVERALL VEHICLE REFERENCE  AXES« 

U V W p 
.1690*03     -.1863-08        ,2540-00     -.0000 

Q 
0000 

R 
,0000 

TRIMMED ITERATION COLUMN VECTOR. TE- 

.1570-00 -.4032-02   .3558-01   .2631-01 -.5533-01  -,l70i»0l 

»TAilLITY AXIS SYSTEM EULER ANCLES-   THETA« -,5683-01  PHI -.1706-01 
AIRCRAFT 1MERTIAL SPEED«  .1690*03 
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LOCKIÜIO iM964  HELICOPTER      JUNE  10  1970      M08T4B-B DERIVATIVES 
CASE  19 BREED»  19.2 FT/SEC.     M-D0T--19.2 PT/BEC.     CA«1MA««90,0  DEG, 
6R0BB WE16HT-19600.     SEA lE^EL.  DYNAMIC TIP LOSS  (YES) 

STABILITY DERIVATIVE MATRICES- 

'J V W P f) R 
X 
Y 
Z 
L 
M 
N 

-.8870*02 
.2292-00 

-.1976*01 
-,17J!7*03 
-.9994*02 
-.2971*02 

.377^*01 
-.212"*02 
-.2131*01 
.339Ä403 

-,9989*02 
,4126*03 

-.2216*01 
.2996*01 

-.7394*01 
-.1986*0': 
-.4994*03 
-.8390*02 

.1029*04 

.4297*03 

.910«*02 
-.1201*09 
,6044*04 

-,1198*04 

-.3486*02 
-.2773*03 
-.16i9*04 
-.2919*04 
-.8870*05 
-.1129*09 

-.1879*03 
,1575*04 

-,4410*03 
-.1918*04 
.1034*09 

-.8649*09 

U DOT V DOT W DOT P DOT 0 HOT R DOT 
X 
Y 
z 
L 
M 
N 

,1870-02 
-.9939-02 
,1913-01 

-.2922-02 
.1689-00 
.1172*00 

,1220-03 
-.4893-03 
.1269-03 
.1762-02 
.1949-01 
.1718-01 

•.3818-04 
.1999-03 

-.2693-03 
.2191-03 

-.8926-02 
-.1399-01 

,1661-02 
,1330*01 

-,430«-00 
,1688*02 

-,1788*03 
-,2904*02 

.1086*01 
-.2497*02 
.99*0-00 

-.1276*03 
.2941*04 
.1426*04 

-.1913-00 
-.9922-00 
-.2498*02 
,1413*03 

-,1423*04 
.2996*04 

C( 1) C( 2) C( 3) C( 4) C( 9) 
X 
Y 
Z 
L 
M 
N 

-.1119*06 
-.6071*04 
.2119*03 
.2909*06 

-.9971*04 
-.4913*04 

-.8419*03 
.1861*09 
.9918*04 

-.3068*09 
.2738*06 

-.679p*06 

-.9022*03 
.9922*04 

-.1869*09 
.2912*09 

-.6763*06 
-.2749*06 

-,9907*03 
,8916*04 
.922T*01 

-,2973*06 
-.2271*09 
-.3844*04 

.8869*02 

.3290*01 

.3779*04 
-.1686*04 
.4059*04 
.4860*02 

TME   INERTIA  TENSOR 
.9497*09       .2690*03    -.7492*03 
.2«50*03       .5001*09    -.3970*02 

-.7492*03    -.3970*02      .1191*09 

TRIMMED VELOCITIES WITH RESPECT  TO OVERALL VEHICLE REFERENCE  AXE8- 

f) R 
.0000 -IOOOO 

J v w p 
-.3289-00    -.1022*01       .1917*02    -.0000 

TRIMMED   ITERATION C0LUI1M VECTOfi,   TE- 

,2204-00       .6922-03     -.6979-02       .1486-00       .1713-01     -.9324-01 

STABILITY AXIS SYSTEM EULER ANCLES-   THfiTA«  .1972*01  PHI  ,0000 
AIRCRAFT INERT I AL SPEED«  .1920*02 

127 

./ 



LOCKPPfct AH56A HFLICöP7«-H 
CASF. J6 SPtro« 33.» FT/^r. 
CROSS WFIGMT.J56CÜ,  3n IE' 

JUNE 10 197»  ^ORTAB-tJ DERIVATIVES 
M-rüTt-19.? FT/SFC.  CAMMA«-33.9 DEC. 

EL. CVWAMC TIP LOSS (YES) 

8TAP1LITV nprtivoTiwF. f^T^lrri- 

U V lb P 0 R 
X 
> 
i 
L 
^, 
N 

-.1416*03 
.29*9*^1 

-.l56fJ*iV5 
-.20*C*ü3 
,2»A7*L3 

-.1623*03 

.5207-00 
-.?7:)**f.,i 
-,l»'n?*ri 

-.647?*02 
,482p*03 

.?667*P1 
-.9932-01 
-.?69V*0^ 
.3633*0^ 

-.Pi^i+OS 
-.1/95*0? 

.7652*02 
-.1092*04 
.6640*03 

-.6200*05 
-.6fl21*n4 
.3291*05 

.13*2*0« 
-.26*6*03 
-.94«6*03 
.6457*04 

-.8859*05 
-.9328*04 

.5120*03 

.1326*04 

.4283*03 

.3356*05 

.7515*04 
-.3862*05 

»' L^OT V '",f,t - DOT P C-OT 0 DOT R DOT 
X 
V 
Z 
L 

-.17<S9-C1 
.2210-',,1 
.26eb-IM 
,15M*01 
.1111*1<1 

-.ll*b*ni 

-.1554-02 
-.7in?-n4 
-.3182-02 
.692^-nü 

-.2531-Cl 
-.26BO-0? 

•.?23C-ül 
.^132-01 
.n62-01 
.?191*L1 
.3^62*01 

-.l6lt'*0J 

-.1140*02 
.1*6^-00 
.2C34*n2 
•1955*04 
.115«*04 

-.l421*'D4 

.2742-00 
-.2652*0? 
.6615-00 

-.1147*04 
.29*9*04 
.«250*03 

,8135*01 
-.1321-00 
-.1438*02 
-.1387*04 
-.8215*03 
.1020*04 

Cf 1) C( 2) C( ■«) C( 4) C( 5) 
X 
y 

Z 
L 
h 
N 

-.57M*r5 
-.6nott*(3 
-."231*01» 
.IPOI+DA 
.6<23*fj« 
.l«l7*f'6 

-.3061*04 
.I77j*f>5 
.54r3*C4 
.546**06 
.275**06 

-.399?*06 

.1310*05 

.5696*04 
-,lUh9*C5 
.?22U*C6 

-,ft79cj*0t 
-.1603*06 

-.1626*03 
.7516*04 
.2632*C2 

-.1266*06 
-.5*95*04 
-.1^99*06 

-.5l<»l*04 
,1571-0? 
.377ü*04 

-.1840*04 
.7502*04 

-.7201*03 

INERTIA TENSOR 

• 

261**05  -. 
52,60-05 
2055*05 

^260-05   . 
^000*05 
4531-05   . 

2055*05 
4531-05 
4036*05 

TRIMMED VELOCITIES WITH FFSOECT TO OVERALL VEHICLE REFERENCE AXES- 

ii 

.2753*02  -.7451-06 
V. P 0 R 

.1961*02  -.0000     .0000    -.0000 

TRICED   ITERATION  COLUI*   VECTOR,   Tt- 

,J9"»P-ro     -,l?9<«-n2        .77^0-0? 

STABILITY  AVIS  SYSTEM Ei'LfR   Af GLfcS- 
AIRCRAFT   INERTIAL  SPEED«     ,33fL*:2 

.1182*00       ,1417-C/l     -.3980-01 

V-tEU"  -.6042-00       PHI   -.4836-01 

NOT 
REPRODUCIBLE 
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LOCKHEED  4H16A  HELICJPTtR       JVHt   10  1*7!)        :08TAB-U  DHRIVATIVES 
CASE   17  SPEED«  t»7,*  FT/^EC     ^-'"OT^-l?.? FT/REC.     CA»1HA»-16.4*DEC. 
GROSS  «f IGHTtlfSfOO.     SF'  Lf El..   OYNAhlC  TIP LOSS  (YES) 

STABILITY   HERIVATH/F  M^WIC S- 

X 
Y 
Z 
L 
M 
N 

X 
Y 
2 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

•.«230*0^ 
•,3lf2-()(< 
•,13^*03 
•.1124*03 
,1329*03 

•.1«99*03 

U POT 
-.3210-01 
,17^7-01 
,1^0-01 
,2076*01 
,1244*01 

•t6f 25-00 

C(   D 
.3268*05 
,1616*04 
.1141*0A 
,1162*0!» 
.2070*06 
.9157*05 

,1577401 
•,372'«*n2 
•.973R-00 
■,l4H?*n3 
•,3B07402 
.5136*P3 

V DM 
,l75f-P3 
.35C'4-04 
,1007-02 
,9817-03 

•,6«?7-02 
•,107*-C2 

C(   2) 
■,5805*04 
,1552*05 
.2193*04 
,64C?*06 
,273'«*r6 

•,2043*06 

•.ift66*01 
'.2124*03 
',''600*02 
.'•«77*C2 

',2221*03 

•,^iro*cc. 
,frL9l-Cl 
,45?4-01 
.7f:99*0l 
,<2l6*l;l 

•.2363*01 

C(   3} 
,lh99*0» 
.6237*04 
,1374*05 
,?645*0ft 

•.<,865*06 
-.5610*05 

■.22ll*?3 
•.I537*p4 
•.92J1*0J 
•.6l93*p5 
•.7822*04 
,iro8*o5 

P  O^T 
•,2654*'i2 
•,1405*01 
,99il*c.l 
.2732*04 
.1330*04 

•,8«l4*f33 

C(   4) 
-,1453*03 
,7058*04 
.1545*02 

-.5410*05 
•,165<«*04 
-,2074*06 

.17*7*04 
-.1773*33 
•.5«J<7*03 
.9417*04 

•.''5r5*05 
•.59e'9*03 

G  '^OT 
,17''S*0J 

'.29^0*02 
.6o''4-on 

,29*4*rj* 
.4018*03 

C(   ^> 
,93^9*04 
.7713-03 
.2845*04 
.4092*0« 
.11*7*05 

•.66r3*03 

,2363*03 
,llft«*04 
.780P*P3 
,1781*05 
,4747*04 

',269?*C5 

R  OPT 
.7763*01 
,410^-00 

-,2882*01 
-,7975*03 
•.3B9n*03 
,269«*n3 

THE  INERTIA  TENSOR 
,1493*05 -,1927-05 .1173*^5 
,1927-05 ,5000*05 ,6446-^6 
,1173*05       ,6446-06        ,5157*n5 

TRIMMED VELOCITIES WITH RESPECT TO ^Vf-.^ALL VEHICLE REFE^E^'CF AXES- 

U        V        v.'        p r        R 

,6507*02 -.3725-08   ,1905*02  -,0000 .OOPO    -.0000 

TRIMMED ITERATION CPLU*»: VEPTOR, T£- 

,1463-00 -,1291-02   ,1326-01   .3274-^1 -.?3'1-C2  -,1166-Cl 

STABILITY AXIS SYSTEM E"LER ANCLES-  ThgTA» -,287i-0C  PHI -,1216-01 
AIRCRAFT INF.RTIAL SPEED«  ,6780*02 

NOT 
REPR00UC»BLE 
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LOCKMitO  äHUä HELICOPTPR      JUNE   10  1970      ^OSTäB-B 0ERTV4TIVM 
CAN  it  t^CEOalOl.S FT/REC     M.nOTa-19.2  PT/SEC.     C4MMA>-10.»  0E6. 
CROSS WEICHT«i56nO.     SEA  LEVEL.   DYNAMIC  TIP LOSS  (YES) 

STASILITY DERIVATIVE  MATRICPS- 

X 
V 
z 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

U 
-,4934*?2 
•.8717-CCI 
-.1053*n3 
-,6694*0? 

.6734*02 
-.9992*02 

U  ?0T 
-,2948-01 
.1156-01 
.3077-02 
,1848*01 
.1067*01 

-,4063-00 

C( 1) 
•,3253*05 
••2906*04 
••1366*06 
•.4770*09 
•3220*0A 
•3863*09 

.1497*P1 
-.4822*02 
-,2159-P0 
-.1507*03 
-.2634*02 
.6089*03 

V DOT 
•,2777-03 
-.1926-03 
•,1279-02 
•,6724-02 
•,638M02 
,266n-02 

C( 2) 
•,9704*04 
.1374*09 
,9173*03 
.6926*06 
,2674*06 
.1282*06 

-.5419*0* 
-.3096*01 
-.3107*03 
-.6210*02 
-.1739*03 
-.2742*03 

*' DOT 
•.1784-00 
.7148-01 
.2381-01 
.1135*02 
.6472*01 

•.2498*01 

C(   3) 
.2046*09 
.5736*04 
.3299*05 
.2628*06 

'.7003*0« 
.6399*04 

P 
-.2913*03 
-.1422*04 
-.4069*03 
-.8464*09 
-.7193*04 
.8588*04 

P DOT 
•,2698*02 
-.1141*01 
.2131*01 
.2915*04 
.1332*04 

•.6210*03 

C( 4) 
-.1982*03 
.9162*04 
.1442*02 

-.3689*09 
.9990*03 
.2798*06 

.1710*04 
-.15*2*03 
-.4331*03 
.8984*04 

-.9528*05 
.3794*04 

o TOT 
.1866*01 

•.260»*02 
.2197*01 

•.1296*04 
.3oft6*04 
.2339*03 

C(   5) 
•.1222*05 
.1781-02 
.2116*04 

•.7356*04 
.1443*05 

-.4498*03 

,1765*03 
,1174*04 
.8216*03 
•1047*09 
,3919*04 

••3000*09 

R DOT 
,4408*01 
,1863-00 

••3497-00 
•4798*03 
.2180*03 
,1100*03 

THE INERTIA TENSOP 
,1264*C9  -.2057-09  .6939*'M 
-.2097-09   ,9000*09  ,3818-06 
.6939*04   .3818-06   .9386*09 

TRIHMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE AXE8- 

•1002*03 -,9986-08 
K        P o 

,1640*02  -,0000     ,0000 
R 

'.0000 

TRIMMED ITERATION COLUMN) VErTOR, TE- 

.1337-00  -,1087-03   .1379-01   .1961-01  -.28"7-01  -,7701-02 

STABILITY 4X18 SYSTEM EULER ANCLES-   THETAt -,1903-00  PHI -,7839-02 
AIRCRAFY INERTIAL SPEED»  .1019*03 
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NOT REPRODUCIBLE 

CROSS Wei&HTilSSOO,     St/   LE'tL.   DVK/.MtC  T!P LOSS   (YES) •"DtJ»' 

STABILITY DERWATIVF   MAT-JIC-'S- 

X 
Y 
Z 
L 
H 
N 

X 
Y 
Z 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

U 
-,<C17*02 
-.2215-00 
-.»511*02 
-.4687*02 
-.4io9*02 
-.4269*02 

U POT 
-.1411-01 
.3280-02 

-.2715-02 
.1062*01 
,i>7C6-0r. 

'.1392-fJü 

C( 1) 
•.2839*05 
•,3662*04 
•.1666«0<t 
•,7l3e*05 
,S796*06 
.206Ö+05 

.12*1*01 
-.678"*n2 
.105«*ri 

-.1455*03 
-.1106*02 
.7503*03 

V OCT 
•.1044-t'3 
•.37»tM-p3 
-.1402-02 
-.1322-01 
•.1239-01 
.4194-02 

C(   2) 
•,4178*04 
.1034*05 

•.6027*03 
.6474*06 
.2535*06 
,6020*05 

-.3062*02 
-.4997*01 
-.4281*03 
-.4052*02 
-.2006*03 
-.2380*03 

^   POT 
-.2432-00 

.6231-01 
-.3160-01 

.1»86*02 

.9935*01 
-,2465*01 

C( 3) 
.1852*05 
.4517*04 
.6743*05 
.2369*06 

-,7647*06 
,3837*0i» 

-,3376*n3 
-.9038*03 
-•1004*04 
-.8337*05 
-,4548*04 
.720'*03 

P DOT 
-.2021*02 
-.1999-00 
-.3380*01 
.3046*Q4 
.1277*04 

-.3756*03 

C(   4) 
-.3869*03 
.1259*05 
,1»06*02 

-.1080*05 
.2198*02 
.382«*06 

-.1107*0? 
-.6073*03 
,6942*04 

•.lO',3*06 
,7»93*04 

0 ^OT 
.12<*4*oi 

-.1742*0? 
.5312*01 

-.12^1*04 
.3051404 
.89"<7*02 

C(   5) 
-.16*3*05 
.4ond-o? 
.I0''9*04 

•.16^4*05 
.1745*05 
.1326*03 

,8694*02 
.1394*04 
.7251*03 
,5077*04 
.2122*04 

-.4015*05 

R DOT 
.1147*01 
,9615-02 
,1756-00 
.1736*03 
,7354*02 
,2991*02 

TME   iNfcRTU  TENSOR 
,116**05     -,8455-06        ,2479*n4 

-.0455-06       ,5000*05       .5465-07 
,2479*04       ,5465-07       ,5486*05 

TRIMMED  VELOCITIES WITH RESPECT  TO OVERALL  VEHICLE REFERENCE  AXES- 

U V 
.1687*03    -,3725-08 

W P « R 
.9647*01     -,0000 ,0000 -,0000 

TRIMMFD ITERATION COLUMN VECTOR, TE- 

.1229*00   ,2606-r2   ,1053-01   .1550-^1  -.5674-01  -,8892-02 

STABILITY  AXIS SYSTErt El'UER  ANGLES-       THETA«   -,1139*00       PHT   -,8936-02 
AIRCRAFT   INERTUL  SPEED«     .1690*03 
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LOCKMEEO   AMS6A   HELICOPTFR       JUME   10  1970       MOfiTAf'-B  DERIVATIVES 
CASE   20  SPUED"   33.8   FT/SEC,     M-nOTa-28.D  PT/SEC.     CAMMA«-58.3 OECi 
CROSS  WEIGHT>15600.     SEA  LEVEL.   DYNAMIC  TIP  LOSS   (VE8) 

STABILITY  DERIVATIVE   MATRICfcS- 

X 
Y 
Z 
L 
M 
N 

-.1337*03 
,3495*01 

-.6700*02 
-,2195*03 
,1321*03 

-,83V;*02 

.3086-00 
-.2554*02 
-.190«*01 
.9020*02 

-.6836*02 
.4997*03 

.7174*02 

.1943*01 

.1552*02 

.4481*02 
-.3434*03 
-.5301*02 

,6582*03 
-.4827*03 
.6370*03 

-.3239*05 
".3568*04 
.3102*05 

,7098*03 
-.2097*03 
-.1538*04 
,2876*03 

-,8914*05 
-,1299*05 

.4258*03 
,1655*04 

-.8672*02 
.3149*05 
.1010*05 

-.679l*0ü 

X 
Y 
Z 
L 
M 
N 

U 30T 
-,22«7-02 
,1755-01 
.3709-01 
,8555-00 
,1105*01 

-.1500*01 

V DOT 
-.4195-04 
-.1761-04 
-.9187-03 
.4482-02 

-.1697-01 
.1667-02 

W DOT 
-.1325-02 
,1025-01 
.2161-01 
.4990-00 
.6450-00 

-.8768-00 

P OPT 
-.7477-00 
,8093-01 
.1467*02 
.7439*03 
.7214*03 

-.1289*04 

Q DOT 
.4427-00 

-,2657*02 
,3739-00 

-,7109*03 
,2949*04 
.1232*04 

R DOT 
.1363*01 

-.1154*00 
-.2503*02 
-.1264*04 
-.1234*04 
.2221*04 

C( 1) C( 2) C( 3) C( 4) C< 5) 
X 
Y 
z 
L 
M 
N 

-,9099*05 
-,«^25*03 
-.5436*05 
.1812*06 
.3285 05 
,1186*U6 

-.3645*03 
.1782*05 
.6285*04 
.3328*06 
.2758*06 

-.5838*06 

,4768*04 
.5708*04 

-,1713*05 
.1353*06 

-.6746*06 
-.2387*06 

-.1674*03 
.7694*04 
.2056*02 

-.1977*06 
-.7805*04 
-,1239*06 

-.3094*04 
.3659-03 
,5454*04 

-.2536*04 
,7733*04 

-,6062*03 

THE   INERTIA TENSOR 
.439»*05    -.7962-05       ,1«92*05 

■.7962-05       ,5000*05       ,2502-04 
.1692*05       ,2502-04       .2252*05 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE PEFERENCE AXES- 

J V 
,1701*02  -.4470-07 

W p Q R 
.2921*02 -.0000     ,0000    -.0000 

TRIMMFD   ITERATION  COLUMN  VECTOR.   TE- 

.2028-00     -.2950-03        .2579-02       .1237*00       ,2194-01     -.4239-01 

STABILITY  AXIS SYSTEM EULER   ANCLES-       THETA*  -,1020*01       PHI   -,ai05-0l 
AIRCRAFT   INERTIAL  SPEED"     ,33no*0^ 
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DENOMI\ÄToe CHAKA CTfcRJSTK 
ROO^S 

"tAL !VACl\AS<y 
OA5T PAKT 

-.l*'9b-ot .i:'D«*rr 

-.169p-00 -.l0ü«*OC 
-.97e3*01 .oroG 
-.IBPd^Ol .OÜ0C 
-.1526-00 .4775-0* 
-.1526-00 -.4775-or 
-.3251-01 .3680-00 
-.3251-01 -,3680-rf.. 
.ou:o IOOOO 
.oc:o .0000 
.orro .0000 
.cr:r .ncpo 

NiUMERATORS 
(NOTE- NUMERATOR 1 «DOTS LESS ThA t-' l.CE-7 TIMES TUE 
LARGEST NUMERATOR ROOT ARE KOT INCLUDED IN TWP RODE 

i\^ 

SAIN), 

X( l)-TO-C( 1) NUMERATOR 

ROOT LOCUS CAIK'»   .1878*03 

BODE CAIN «  -.3712*03 

ROOTS 

REAL TMACIMäRY 
PART PART 

.3593-07 .0000 

.9783*01 .ncor 

.10744Q1 .oooc 

.144A-0C .5119»00 

.1448-00 -.5115-Dn 

.7411-01 .36i2-r: 

.74ii-9i -.3fc3?-0- 

.6^52-01 .ncnc 

.o^rc .neue 

.ou?o .nocc 
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m*r*-'<*i** 

X( 2)"T0-C( D NUMERATOR 

ROOT LOCUS GAIN«   .95M-00 

BODE GAIN ■   .1B83*03 

ROOTS 

REAL IMAGINARY 
PART PART 

,6490-01 .0000 
-,1120*03 .0000 
-.6253*01 .0000 
•,1904*01 .0000 
-.4546-01 .3763-00 
-.4546-01 -.3763-00 
-.3908-00 ,0000 
.4221-07 .0000 
,0000 .0000 
.0000 .0000 

X< 3)-T0-C< 1> NUMERATOR 

ROOT LOCUS GAIN«   .1123*03 

BODE GAIN ■   .3790*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1048*00 .2517-00 
-.1048*00 -.2517-00 
-.9810*01 .0000 
-.1837*01 .0000 
-.1H98-00 .4548-00 
-.1H98-00 -.4546-00 
.2565-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 
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X( 4)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN»  -.2654*01 

BODF CAIN •   .2260*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.1021*00 .3593-00 

.1021*00 -.3593-00 

.3144-01 .3930-00 

.3144-01 -.3930-00 

.1276*02 .0000 

.1859*01 .0000 

.40«9-00 .0000 

.1118-07 .0000 

.1551-06 .0000 

.9486-08 .0000 

X( 5)-T0-C( 1) NUMERATOR 

ROOT LOCUS CAIN»  -.6475-00 

BODE CAIN > -.1123*01 

ROOTS 

REAL 
PART 

-.1931-00 
'.1931-00 
-.2574-00 
-.2574-00 
-.1115*02 
-.6488-00 
.2362-00 
•.2461-08 
.0000 
.0000 

IMAGINARY 
PART 

,2840-00 
-.2840-00 
.3828-00 

-.3828-00 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

<• . 

r . - 
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■ 

■ 

»00T  LOCUS  GAI\«     -.325b*0l 

BODE  GAir.  «       .1383*02 

«OOTS 

REAL 
PART 

.6236-01 

.6236-01 

.213S-01 
,2135-01 

•.5659*01 
.1976*01 
.4109-00 
.3492-09 
.0000 
.0000 

1MACINARV 
P/OT 

.3712-cn 
-.37iij-'jC 

,4üC9-Ü0 
-,4Q09-0n 

.oooc 

.0000 
,0000 
,ODC: 
,0000 
.0000 

NOT REPRODUCIBLE 

X(   1J-T0-C(   2)   NUMERATOR 

ROOT LOCUS  CAIN*       .9929-00 

•OOE CAIN »       ,6523*03 

ÄOOT$ 

RFAL 
PART 

-,1954-02 
-.1954-02 
-.3446-00 
-.9355*01 

.2250*01 

.2250*01 

.4128*01 
-.1490-07 

.0000 

.ocoo 

RAPT 
,477«-00 

-.4776»nr 
,C0DC 
.0000 
,13*«ä*01 

-.l3r.*:,*r;* 
.OOO'J 
,0000 
,0000 
,oc:.c 
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Hi   2)-T0-C( 2) NUMEfUTOP 

«OOT LOCUS CAIK«  -.3635*0^ 

BODE GAIN s   .20*1*3* 

ROOTS 

REAL. IMACIMRY 
PART PART 

.2545-01 ,3631-00 

.2545-01 -.363i-cn 

.2579-00 .1008*00 

.2579-00 -.1006*02 

.6355*02 .ococ 

.1909*01 .0000 

.1127*01 .cooc 

.6712-07 .0000 

.0000 .0000 

.0000 .0000 

^ 
&* 

Ö« Ä« 
N^ 

X( 3>-T0-C( 2) NUMERATOR 

ROOT LOCUS CAIN«  -.1761*02 

BODE SAIN •   .1334*04 

ROOTS 

REAL IMACIN&RV 
PART PART 

.3457-00 .1448-00 

.3457-00 -.1446-00 

.2239*02 .0000 

.3^90*01 .0000 

.3342-01 .4833-00 

.3342-01 -.4033-00 

.6519-00 ,0000 

.ocro .0000 
,0000 ,0000 
.oooc .0000 
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■"■^' "TIT"' ii mi, mm, «vmmi      -" 

X(   4)-T0-C(   2)   NUMERATOR 

ROOT LOCUS  CAIN"     -.3S7e*02 

BODE  GAIN   >        .2967*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1911-00 .0000 
-.1988*01 .0000 
-.5835-00 .0000 
-.3700-01 .3755-00 
-.3700-01 -.3755-00 

.1648-00 ,7563-00 
,1648-00 -,7563-00 
.0000 .0000 
.0000 ,0000 
.0000 .0000 

X(   5)-T0-C<   2)  NUMERATOR 

MOOT LOCUS  CAIN"    -.8210*01 

BODE GAIN  >     -.1475*01 

ROOTS 

REAL IMAGINARY 
PART PART 

-,1893-00 «0000 
•.4971*01 cOOOO 
-.5550-01 .4754-00 
-.5550-01 -.4754-00 
•.2392-00 .2180-00 
•.2392-00 -.2180-00 

.1967-00 .0000 
-.3439-08 .0000 

.0000 .0000 

.0000 .0000 
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^OOT  LCCUS  54IN«       .6«a7*2i 

BOC?   GAIN  •       .1«16*32 

»O0?S 

^EäL IMAGINARY 
»ART PAST 

.1357-00 .ooc: 

.lV53*ai .0000 

.3955-30 .4272-00 

.3655-03 -.4272-00 

.2931-01 .3734-00 

.2931-01 -.3734-00 

.3987-00 .0000 

.ocoo .0000 

.0000 .0000 

.0000 .0000 

*& 
&* 
^ 

rtV* 

XC   l)-TP-C(   3)   NUHERATQq 

ROOT  LOCUS  GAIN«     -.97l9*Cl 

BODE  GAIN  «    -.7913*03 

ROOTS 

;i 

REAL 
PART 

•.1115*0C 
.1497-00 
.1*97-30 
.3642-00 
.9ei9*01 
.2005-03 
.2:05-00 

Ä    «.    ^   •, 

. w w » w 
• 0% , - 

IMACINARY 
PART 

.0000 

.4747-00 
-.4747-00 

.0000 

.0000 

.438a*0l 
-.4388*01 

.COCO 
,0000 
.0500 
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X( ?>-Tn-c( 3) K-ÜHERATOR 

ROOT LCCU? GAIN«  -.125>2*Ü2 

BODE GAIN «   .5460+03 

ROOTS 

REAL IMAGINARV 
PART PART 

.2313-06 .0000 

.80364*02 .0000 

.1827*01 .0000 

.6763-00 .0000 

.1110+00 ,4952-00 

.1110+00 -.4952-00 
•6643-02 ,i6oo-cr 
.6643-02 -.i»oo-on 
.0000 .oooc 
.0000 .0000 

X( 3)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN«   .3331*02 

BODE CAIN •  -.19594-04 

ROOTS 

REAL 
PART 

•.1362-00 
'.1150+02 
•.1190+02 
-.1902-00 
'.1902-00 
.5361-00 
.5361-00 
.0000 
.0000 
.0000 

IMACIKARY 
PART 

.0000 

.40614.01 
-,40614.01 
,47*7-00 

-.4747-00 
.3689-01 

-.3689-01 
,0000 
,0000 
.coco 

iko 



Ki   4)-Tp-C( 3) NUMERATOR 

ROOT LOCUS GAIN»  -.1723*0? 

BODE RAIN »   .7371-12 

ROOTS 

REAL 
PART 

.1685-06 

.IBBS-O« 
i63l-00 

.3631-00 

.1560-00 

.1560-00 
•.1CS4*01 
.1583-00 
.1583-00 
.3725-08 

IMAGINARY 
PART 

.1528-07 
-.1526-07 
.9424-0P 

-.9424-00 
.4310-00 

-.4310-00 
.0000 
.3256-00 

-.3256-00 
«0000 

X(   5)-T0-C(   3)  NUMERATOR 

ROOT  LOCUS  GAIN»        .1329*0? 

BODE   GAIN  ■     -.1025*01 

ROOTS 

REAL 
PART 

•.1308-07 
-.1125*02 
-.1513-00 
-.1513-00 
•.2030-00 
-.2090-00 
.3776-01 
.3776-01 
.0000 
.0000 

IMAGINARY 
PART 

.0000 

.0000 

.4751-00 
-.4751-00 
.1421-00 

-.1421-00 
.9650-01 

-.965C-01 
.CCCO 
,0000 

Ikl 

I 

/ 



HOOT LCCUS SAIN»   .297^*C2 

BODE CAIN *   .1262*02 

ROOTS 

T - (« 

REAL TWACIMBV 

PA^T PA»? 
.7eC2-31 .327«-00 
.7802-01 -.3274-00 

-a259-00 ,4641-00 
•.125»-00 -.4641-00 
-•132»*01 .0000 
-.7112-00 .ccoc 
.4201-00 .ccoc 
.0000 .0005 
.0000 .occc 
• 0000 .0000 

XC 1)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«  .3469-CC 

•ODE CAIN > -.2611*03 

ROOTS 

REAL 
PART 

-.102l*00 
-.1021*00 
.2943-00 
.2943-00 

-.2121*02 
-.M16*01 
-.1739*01 
.0000 
.0000 
.0000 

IPA6INARV 
PART 

.3532*00 
-.3532-00 
.5408-00 

-.5406-00 
• 0003 
.coco 
.coco 
.:coc 
.ccoc 
.ccco 

ikz 



MM 

X( 2)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«  -.I5fl9*02 

BODF, GAIN «  -. «203*02 

ROOTS 

REAL IMAGINARY 
PART FART 

.4668-01 ,ooco 

.1206*02 .0000 

.3920*01 .0000 

.1899*01 .0000 

.3839-01 .3706-00 

.3839-01 -.3706-00 

.2194-00 ,0000 

.1743-06 .0000 

.0000 .0000 

.0000 .0000 

X( 3)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«  -.9593-01 

BODE GAIN «  -.3633*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.1014*00 .3367-00 

.1014*00 -.3367-00 

.6689-00 .2240-00 

.6689-00 -.2240-00 

.9159*02 ,0000 
,1185*02 .0000 
.1402*01 ,0000 
.4008-07 ,0000 
.0000 ,0000 
.0000 ,0000 

1^3 

/ 



X( 4)-T0-C( 4) NUMERATOW 

ROOT LOCUS GAIN»   .320*1-^1 

BODE GAIN »  -.l24B-»0? 

ROOTS 

REAL 
PART 

.1810-07 

.1129*02 

.1892*01 

.8934-01 

.8834-01 

.3376-01 

.3376-01 

.2228-00 

.2204-10 

.0000 

IMAGINARY 
PART 

.0000 

.0000 

.0000 

.3605-00 
-,3808-00 
,3816-00 

-.3816-00 
.0000 
.0000 
.OCCO 

■ 

X< 5)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .1385-00 

BODE GAIN *   .6207-00 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2542-00 .0000 
-.1396*02 .0000 
-.8086-00 ,2646-0^ 
-.8086-00 -.2648-00 
-.9747-01 ,3256-00 
-.9747-01 -.3296-CO 
.3651-00 .noco 
.0000 .0000 
.0000 ,0000 
.0000 .ocro 

iMf 



X(   6)-T0-C(   4)   NUMEKATO^ 

ROOT  LOCUS  GAIN«       .2919*01 

BCDF   r.4I\t   x      -.76424.ni 

ROOTS 

«EAL IMAGINARY 
PART PART 

,4691-01 .3671-00 
.4691-01 -.3671-00 
.1754-01 .3973-00 
.1754-01 -.3973-00 
.6999*01 .0000 
,19C9*01 .0000 
.2236-00 ,0000 
.0000 .0000 
,0000 .0000 
.0000 ,0000 

*& 

^oo v>c\^ 

X< 1)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«   .6306*01 

BODE GAIN «   .«866*01 

ROOTS 

REAL IMAGINARY 
PART PART 

.9012-01 ,0000 

.9783*01 .0000 

.1^41*01 .nooo 

.1412-00 ,4715-00 

.1412-00 -.4715-00 

.3949-00 .0000 

.2*41-0': ,0000 

.0000 .0000 

.0000 .nooo 

.ooro ,0000 

1^5 

r' 



X( 2)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«   .8fl49-02 

BODE GAIN «  -.6037-00 

ROOTS 

REAL IMACIfURY 
PART PAM 

.1371-05 .0000 
-.2728*03 .0000 
-.1837*01 .0000 
-.2704-00 .0000 
,9904-02 .0000 
.5090*01 .0000 
.6253-01 .4930-00 
.6253-01 -.4930-00 
.0000 .0000 
.0000 .0000 

X( 3)-ro-C( 5> NUMERATOR 

ROOT LOCUS GAIN» -.1125*02 

BODE CAIN ■  .2039*02 

ROOTS 

REAL IMAGINARY 
PART PART 

,9399-01 .0000 
.9751*01 .0000 
.2288*01 ,0000 
.1436-00 ,4739-00 
.1*36-00 -.4739-00 
.2568-00 .1453-00 
.2568-00 -.1453-00 
.0000 .0000 
.0000 .0000 
.0000 .0000 
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■nww-r- 

ROOT LOCUS GAI\«  ,?Ä9H-01 

BODE GAIN «  -.?76G-0C 

ROOTS 

Rf-AL 
PART 

•f30flA-07 
.11C2*ÜC 
,1102*00 
.2791-00 
,3063-00 
.3063-00 
.2139*01 
.2139*01 
.0000 
.0000 

HCtf 
RiP^OO \)C\B^ 

IMAGINARY 
PART 

.0000 

.3985-00 
-.3905-00 

.0000 

.29!>3-00 
-.2953-00 
.i8ea*oi 

-.1880*01 
.0000 
.0000 

X(   5)-T0-C(   5)   NUMERATOR 

ROOT  LOCUS  GAIN»     -.1609-00 

BODE  RAIN  «       .1372-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.2929-01 .0000 

.1029*02 .0000 

.1872-00 .1096*00 

.1872-00 -.109«U00 

.1425-00 ,4763-00 

.1425-00 -.4763-00 

.6008^00 .0000 

.0000 .0000 

.0000 .0000 

.ocnn .0000 

lk7 

■MMI 

./' 



If   6)-T0-C(   9)   NUMERATOR 

ROOT LOCUS  CAIN»     -.7643*01 

BODE GAIN  >    -.1689-00 

ROOTS 

REAL IMA6IMARY 
PART PART 

.2793-00 .0000 

.9900-0i ,4446*100 

.5900-01 -.4446-00 
,2298-00 ,2927-00 
.2298-00. -.2927*00 
.6245*01 .0000 
•1396*01 .0000 
,0000 .0000 
.0000 .0000 
.0000 .0000 

— 

1*8 



tOCKHEEO  AH56A  HELICOPTER      JUNE   10  l97n       MOSTAB-H DERIVATIVES 
itllJL^ZlD9iCl'b FT/SEC.     H-nOT«-2H.^  PT/SEC     GAMBIA —16.9WEG, 
CW88  »<FICHT»156üO.     SEA LEVEL.   OYt^Mic   TIP  LOSS   {YfcS) 

STABILITY DERIVATIVE  MATRICES» 

X 
Y 
Z 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

X 
Y 
Z 
L 
M 
N 

Ü 
-,6i96+ü? 
-.i7bo*01 
-.1412+03 
-.7410*02 

.3y3b*01 
-,1090*03 

U DOT 
-.4915-rOl 

♦llOB-Ol 
.4638-02 
.2790*01 
.1AH2*01 

-.9203-00 

C( 1) 
-.4970*05 
-,240!>*04 
-.1323*06 
-.5487*05 

,3046*06 
-,5244*04 

.l«Ö6*0l 
-.464fl*02 

.5764-00 
-.4018*02 
-.1764*02 

.6037*03 

V DOT 
-.3392-03 

.7717-04 
-.9223-03 
-.1179-02 

,7964-02 
-.1246-02 

C(  2) 
-.5490*04 

.1203*05 

.112A*04 

.6268*06 

.2625*06 
-.1889*06 

-.77P5+02 
-.29nA*oi 
-.2759*03 
-,9772*02 

.2924*03 
-.3069*03 

w DOT 
-.1812-00 

.4090-01 

.2021-01 

.1037*02 

.6198*01 
-.3416*01 

C< 3) 
.2282*05 
.5588*04 
.3030*05 
.2574*06 

-.6864*06 
-.2680*05 

-.2426*03 
'•1267*04 
-.3126*03 
',7984*05 
'.6515*04 
.1300*05 

P  DOT 
-.2575*02 
'.1«14*01 
.48494.01 
.27824-04 
.1273*04 

'.8972*03 

C(   4) 
'.1251*03 
,9090*04 
.8397*01 

■,6380*05 
,7929*03 
.2681*06 

0 
.1532*04 

'•«028*02 
-.1629*03 
,9203*04 

•.«108*05 
.3333*04 

Q DOT 
.2754*01 

'.2571*02 
.1977*01 

'.1236*04 
.3015*04 
.3587*03 

C(   5) 
.1186*05 
.3414-02 
.3383*04 

-.7360*04 
,1661*05 

-.7371*03 

R 
,2516*03 
.1291*04 
.6844*03 
,1573*05 
,4071*04 

-,3187*05 

R  DOT 
.6931*01 
.4876-00 
,1306*01 

',7470*03 
,3427*03 
.2500*03 

THE   INERTIA  TENSOR 
,1444*05 
,8157-07 
,1092*05 

.8157-07 

.5000*05 

.2505-07 

,1092*05 
.2505-07 
,5206*05 

TRIMMED  VELOCITIES  WJTH RESPECT  TO  OVERALL  VEHICLE  REFERENCE   AXES« 

.9801*02       .2328-09 
W p 

.2639*02     -.OOPO 
Q 

IOOOO 
R 

-.0000 

TRIMMED   ITERATION COLUMN VECTOR,   TE- 

,1092*00        .2615-02       .3553-02       .6179-02     -.2465-01        ,4073-03 

STABILITY AXIS SYSTEM EULEfi ANGLES-  THETA« -.2877-00  PHI  .4246-03 
AIRCRAFT INERMAL SPEED»  .1015*03 

11*9 

/' 



DIMOMINATOR CHARACTERISTIC 
MOTI 

REAL IMAGINARY 
PART PART 

-.3726-01 ,0000 
-,9702*01 .0000 
••2199*01 IOOOO 
•,3073»00 .1027*01 
-.3073-00 -.1027*01 
••2697-00 .1960-00 
-• 2697-00 -.1^0-00 
.2494-00 tOOOO 
•0000 tOOOO 
•0000 i0000 
,0000 «0000 
.0000 .0000 

■ 

NUMtMATONS 
tWl- NUmMUTOR «00T8 LESS TMAW 1.0E-7 TlHfO TMt 
LAMUT NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE 0A|N)t 

X( l)-TO-C( D NUMERATOR 

•err LOCU» OAWM»     .1020*03   , 

•OOE SAIN >       .1067*04 

ROOTS 

RIAL IMAGINARY 
RART PART 

-.3649-01 .0000 
-,9727*01 .0000 
-.6733-00 .1283*01 
-,6733-00 -.1203*01 
-,3230-00 .1039*01 
-.3230-00 -.1039*01 
-.2963-00 .0000 
,0000 .0000 
.0000 .0000 
.0000 .0000 

150 



X( 2)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«   .5292*01 

BODE GAIN «  -.4169*03 

ROOTS 

REAL IMACINARV 
PART PART 

.4203-01 .0000 
,3679*02 .0000 
.1234*01 .3119*01 
.1234*01 -.3119*01 
.6206-00 ,0000 
,1984-00 .3785-»0P 
.i»e4-oo -.3>89«00 
• 0000 .0000 
.0000 ,0000 
.0000 ,0000 

X< 3)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«  .2731*03 

BODE GAIN •  -.1069*04 

ROOTS 

REAL IMAGINARY 
PART PART 

.3697-01 ,0000 ' 

.9807*01 ,0000 

.3082-00 ,1019*01 

.3082-00 -,1019*01 

.1221*01 «oooc 

..2733-00 ,3470-'00 

.2733-00 -,3470-»00 
,1022-07 ,0000 
.0000 .0000 
.0000 .0000 

■ ■ 

1 

151 
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I 

X(   4).T0-C(   1)   NUMERATOR 

«OOT  LOCU^   CAIN«       ,72b2*Ul 

BODE  CAIN   '     -.9091-07 

ROOTS 
^ 

^ 
^ 

• 

^vt • 

■ 

REAL 
PART 

-.9223-01 
-.9673-01 
-.8616-00 
•.»616-00 
•.7642-01 
•.7642-01 
.3717-00 
.0000 
.20/5-06 
.2019-07 

IMAGINARY 
PAKT 

.0000 

.noon 

.2474-0n 
-.2474-00 
.7b2n-00 

-.7620-00 
.GOOD 
.OÜÜO 
.0000 
.0000 

X( 5>-T0-C( 1) NUMERATOR 

«OOT LOCUS GAIN« -.6235*01 

BODE GAIN •  -.6839-03 

ROOTS 

REAL 
PART 

-.2836-03 
•.1029*02 
-.3121-00 
•.3121-00 
•.3691-00 
'.6011-01 
.3676-01 
.1613-06 
.2581-08 
.0000 

■-.. 

IMAGINARY 
PART 

.0000 

.0000 ; 

.1028*01 
-.lü2ö*ül 
.0000 . 
.0000 
.oooo . 
.OC'CJ 
.fJDOC ■ 

• OUOCi 

152 



M( •)-TO*C( 1) NUMERATOR 

ROOT LOCUS GAIN"  -.1616+01 

BODE CAIN «  ".1612401 

ROOTS 

REAL IMAGINARY 
PART PART 

.6022-01 .0000 

.7039-00 .3189*01 

.7039-00 -«3189+01 

.2533-00 .3859*00 

.2533-00 -,3859-00 
,6776-00 .0000 
.1560-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 «0000 

X( 1>-T0-C( 2) NUMERATOR 

ROOT LOCUS CAIN»   .1547*02 

•ODE GAIN «  .2427*04 

ROOTS 

■'■ 

. 

REAL IMAGINARY 
PART PART 

.1241-06 .0000 
,4135-00 .0000 
.6881-01 .0000 
,2758-00 .1030+01 
.2758-00 -.1030+01 
.8347*01 ,0000 
.1102+01 ,3649+01 
.1102+01 -.3649+01 
.0000 .0000 
.0000 ,0000 

153 
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KC   2>-T0-C(   2)   NUMERATOR 

ROOT  LOCUS  GAIM     -.2413*02 

BODE  CAIN  *       .27964-04 

ROOTS 

REAL 
PART 

•tl77S»00 
•.1778-00 
'.e37l*02 
',2631^01 
■,8081-00 
•.8081-00 
•2043-00 
• 0000 
.0000 
• 0090 

IMAGINARY 
PART 

.1543-00 
-.1543-00 
.0000 
.0000 
,7146-00 

-.7146-00 
.0000 
.0000 
.0000 
.0000 

X< 3)-fO-C< 2) NUMERATOR 

HOOT LOCUS GAIN* -.3144*01 

■ODE 6AIN « •,1170*04 

HOOTS 

REAL IMAGINARY 
PART PART 

.1625-06 .0000 

.2287*03 .0000 

.5923*01 .0000 

.2879-00 .1036*01 
,2879-00 -.1036*01 
.1190*00 .29io-cn 
.1190*00 -.2910-00 
.6020-01 ,0000 
.0000 ,0000 
.0000 ,0U0C 

15^ 



X( 4)-T0-C( 2) NUHER4T0« 

nOOT  LOCUS f.AIN«  -.7327*0^ 

Boot r.Ai; s  . i634*o? 

ROOTS 

REAL IMAGINARY 
PART PART 

.9170-01 IOOOO 

,2i>8l-00 .2034-00 
.2!>fll-00 -.2034-00 
.24bl-00 .0000 
.220a*01 .0000 . 

.2620-00 .1002*01 

.2020-00 -.1002*01 

.1254-06 iOOOO _ » 

.3t>14-07 .0000 o^C 

.0000 .oooc ^^ 

,\^ 

X( 5>-T0-CC 2) NUMERATOR 

ROOT LOCUS CAIN»  -.7720*01 

BODE GAIN «   .2416-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.5265-02 .0000 

.5542*01 .0000 

.2890-00 .1027*01 

.2890-00 -.1027*01 

.6264-00 .0000 

.7b29-01 .0300 

.4«1D-01 .0000 

.2235-07 .0000 

.1118-07 ,nooc 

.00^0 • 0000 

tffl 

t 

155 
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II •)-70-CC 2) NUMERATOR 

ROOT LOCUS GAIN*   .2030*02 

BODE GAIN «   «5691402 

ROOTS 

REAL IMAGINARY 
PART PART 

.2493-00 .1912-00 
,2453-00 -,1912-00 
,2989-00 ,0000 
f?441t01 ,0000 
.6747-00 .1036*01 
.6747-00 -.1036*01 
.7908-00 .0000 
,8382-08 ,0000 
,0000 ,0000 
.0000 .0000 

XC t)-TO-C( 3) NUMERATOR 

ROOT LOCUS GAIN» -.4922*02 

•OOE GAIN ■ -.3909*04 

ROOTS 

• 

1 

REAL IMAGINARY 
• 

PART PART 
.3239-01 ,0000 . 

.4069-00 .0000 

.9884*01 .0000 

.2648-00 .3827*01 
,2648-00 -.3827*01 
.3133-00 .1015*01 
.3133-00 -.1015*01 
.2b23-06 .nooo 
.5538-09 .0000 
.1224-0/ .0000 
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X(  2)-T0-C(  3)  NUMERATOR 

ROOT LOCUS  GAIN*     -.12144>02 

BOOE  CAIN •       ,1944*04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1032*00 .0000 
-,6635*02 .0000 .. 
-.2020-02 .2729-00 
-.2820-02 -.2729»00 
-.1997*01 tl?4f*01 
-.1997*01 -.I94f*pl 
.1010*01 tOOOO 
,0000 ,0000 
.0000 .0000 
.0000 ,0000 

X(  3)-T0-C(  3)  NUMERATOR 

ROOT LOCUS GAIN«     -.6282*02 

BODE GAIN "   .2291*04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3382-01 ,0000 
.2178*02 .0000 

•.1169*00 ,3043-00 
-.1169*00 -.3043-00 
-.1032*02 ,0000 
-.3088-00 .1017*01 
-.3088-00 -.1017*01 
-.2S>68-06 .0000 
.0000 .0000 
.0Ü00 .0000 

157 
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X< O-Tn-C» J5 riUMF^ATO^ 

ROOT LOCUS OAIK» -.313fi*02 

BODE GAIN -        .9iaO*Cl 

ROOTS 

REAL 
PART 

-.9188-01 
-.3735-00 
-.3735-00 
2773-00 

-,1083^00 
-.1083*00 
-.1660*01 
.6694-08 
.6694-38 
.1863-07 

IMAGINARY 
PART 

.nooo 

.5279-01 
-.5279-01 
.0000 
.1096*01 

-.1098*01 
.0000 
.116fr-06 

-.1166-06 
tOOOO 

XC 5)-T0-C< 3) NUMERATOR 

ROOT LOCUS GAIN»   .1369*02 

BODE RAIN ■   .1317-01 

ROOTS 
^ 

<$ 
,« .^ 

- 
■ 

a 

<$ 
** 

RFAL IMAGINARY 
PART PART 

.2096-02 .0000 
,1079*02 .0000 
.3120-00 .1021*01 
.3120-00 -.1021+01 
.619i>-0C .0000 
.4948-01 .0000 
.3048-01 .0000 
.9b72-07 .OOOL 
.OUHO .0000 
.2ü3b-07 .ouoo 

158 



X(   6>-TC-C(   3)   NUHCRATOK 

ROOT  LOCUS  GAIN«        .7774*01 

BODF.  GAIN  s       .3103*0? 

ROOTS 

REAL 
PART 

-.2236-00 
.2160-00 

-.1773-00 
-.1/73-00 
-.1613*01 
-.1613'»'01 

.1Ö194.01 

.0000 

.0000 
,0000 

IMAGINARY 
PART 

.0000 
,0000 
.3910-00 

-.3V10-00 
,1«73*01 

-,1073*01 
.0000 
.0000 
.0000 
,0000 

*& 
^ 
^ ̂

 
*\t 

- 

X( 1)-T0-C( 4) NUMERATOR 

ROOT LOCUS CAIN"   .3106*00 

BODE CAIN *  -.1556*03 

ROOTS 

REAL 
PART 

-.1153-07 
-.8534*01 
-.8534*01 
-.3078*01 
-.4373-00 
.2302+01 

-.513C-01 
-.5130-01 
.occo 
.0000 

IMAGINARY 
PART 

.0000 
,2767*01 

-.276;+01 
.nooo 
,0002 
.OJCiO 
,2183-00 

-.2183-00 
.0Ü00 
.nooo 

- 

- 

159 
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X(   2)-T0-C(   4)   NUMERATOR 

ROOT  LOCUS GAIN«     -.1876.*02 

BODE   CAIN   >        .8413+02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.7114-02 .0000 
-.2794*02 .0000 
-.9170*01 .0000 
-.2153*01 .0000 
•.2736-00 ,1965-00 
•.273«-00 -.1969-00 
.2522-00 .0000 
,0000 ,0000 
.0000 .0000 
.0000 .0000 

X( 3).«>TQ«C( 4) NUMERATOR 

ROOT LOCUS GAIN« -.2722-01 

■ODE CAIN «   .««60*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3439-08 .0000 
.2272*03 .  .0000 

-.6197-01 ,3661*00 
-.6197-01 -,3661-00 
-.8250-01 .1636-00 
-.8250-01 -.1636-00 
-.1737*02 .0000 
-.3397*01 .0000 
.0030 .0000 
.0000 .0000 

160 



Hi   4).T0-C( 4) NUMERATOR 

HOOT LOCUS GAIN«  .3624-00 

BODE CAIN «  -.2331*01 

ROOTS 

REAL IMAGINARY 
PART PART 

.9960'»01 .0000 

.34a4*02 .0000 

.2X78*01 .0000 

.7391-00 .0000 

.2747-00 fim-oo 

.2747-00 -fltfi-OO 

.2469-00 .0000 

.4697-0» .0000 

.0000 .0000 

.0000 .0000 

X( 9)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN" -.9669-02 

•ODE GAIN ■  -.3346-02 

ROOTS 

REAL 
PART 

-.9939-06 
.6499*02 
.1107-01 
-.4789-01 
•.6631-01 
•.6631-01 
•. 4292*01 
.6999-00 
.1863-06 
.0000 

IMAGINARY 
PART 

tOOOO 
fOOOO 
.0000 
.0000 
.2444-00 

-.2444-00 
."000 
.0000 
.0000 
.0000 

161 



, 

Hi   ♦)-TO-C(   4)   NUMERATOR 

ROOT LOCUS  CAIN« !j0b7*ni 

BODE CAIN ■  -.7»79*01 

ROOTS 

REAL IMAGINARY 
PART PART 

.2103-01 ,2607-00 

.2103-01 -.2607-00 

.2741-00 ,1969-00 

.274i-00 -,1969-00 
,9238*01 .0000 
,2152*01 ,0000 

.2302*00 .0000 

.1368-08 ,0000 
,0000 .0000 
.0600 .0000 

X( i>-TO-CC 5) NUMERATOR 

«OOT LOCUS CAIN«  ,2443*02 

BODE CAIN •   .9705*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3009-06 .0000 
-.9715*01 .0000 
-.2649-00 ,2V74-00 
-.2649-00 -.2974-00 
-.3128-01 .0000 
-.3084-00 .1031+01 
-.3084-00 -.1031*01 
-.1781*01 .ouoo 
.0000 .OuOU 
.0000 .0000 

162 



X( ?)-Tn-C( b)   NUMERATOR 

ROOT LJCUb CAIM«   .I4üb-0l 

BOOF. CAIfJ '     -.511b*02 

ROOTS 
HO^ ^ 

noovi c\^^ 

^AL I^'iAGlNAHV 
PART PART 

,5bM-0X .1652-03 
,5071-01 -.1652-00 
.2327-00 .OÜ0Q 
.1129*04 .OÜOC 

.1547*01 .1067*01 

.li>47*01 -.1067*01 

.1915*01 .0000 

.0000 ,'JÜOO 

.onco .noon 

.0000 ..1000 

X(   3>-T0-C(   5)   NU^ERATOn 

ROOT  LOCOS  GAIN»     -.6975*01 

BODE   CAIN  «     -.5456*02 

ROOTS 

• 

• 

^EAL IMAGINARY 
PART PART 

.3245-01 .0000 

.0564*01 .1656*01 

.8564*01 -.)ö56*01 

.3083-00 .1022*01 

.3083-00 -.1022*01 

.1905-00 .leOö-üO 

.19D5-00 -.löOli-UD 

.16H9-06 .•JÜOj 

.1496-07 .DÜOO . 

.3725-08 .CüOO 

163 
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X<   4)-T0-C(   5)   NÜMERATOH 

ROOT  LOCUS  6AIM»       .8473-00 

SOOE   GAIN   ■     -.2686-00 

ROOTS 

REAL 
PART 

.9215-01 

.3194-00 

.3194-00 

.2921-00 
,1493-00 
,1493-00 
,1744*01 
.8005-08 

-.6713-07 
•,8713-07 

IMAGINARY 
PART 

.0000 
,2083-00 

-.2083-00 
.0000 
,1068+01 

-.1068*01 
.0000 
.0000 
.3571^07 

-.357l«»07 

XC   5)-T0-C(   5)  NUMERATOR 

ROOT LOCUS GAIN"    -.3293-00 

•ODE  GAIN  «     -.3860-03 

1ÖÖT8 

REAL IMAGINARY 
PART PART 

.4148-03 .0000 

.1094*02 .0000 

.3109-00 .1021*01 

.3109-00 -.1021*01 

.4692-00 .OUJO 

.3288-00 .0000 

.3680-01 .0000 

.31>56-09 .0000 

.2679-07 .3855-07 
,2679-07 -.3855-07 
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'  Xf ft)-TO-C( 5)   NUMERATOR 

ROOT LOCUS GAIN"  -.1613-00 

BODE GAIN «  -.9079-00 

ROOTS 

REAL IMAGINARY 
PART PART 

.391^00 .0000 
,209i-00 .3000*00 
.2091-00 -.3000*00 
.2091-00 .0000 
.2642*01 .0000 
.1203*01 .1*02*01 
,1203*01 -.1602*01 
.0000 .0000 
.0000 .0000 
.0000 • 0000 
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LOCKHEEO  AM564   HELICOPTER       JUMF  10 1970       MOSTAB-B DERIVATIVES 
CASE  22  SPEED-169.0  FT/sEC.     M-noT»-28.«   FT/SEC.     GAMMA«   -9.810EC, 
CROSS   WEIGHT«15600.     SEA  LEVEL.   DYNAMIC  TIP LOSS   (YES) 

STAPILITV PE«IVATIVE  ^ATRICES- 

X 
y 
z 
L 
M 
H 

K 
Y 
Z 
L 
M 

X 
V 
z 
L 
M 
N 

■ .423«*02 
-.4353-00 
•,1013*03 
•.4494*02 
,6798*02 
,4110*02 

U DOT 
.2110-01 
.2227-02 
,4989-02 
,l9i»*0l 
,8374-00 

•.2441-00 

C(   1) 
,3424*09 
,3970*04 
,1679*06 

-,7260*09 
,9710*06 

•,4763*09 

.1?85*01 
-.6710*02 

.2195*01 
-.9339*02 
-.6778*01 

.7502*03 

V DOT 
-.3853-03 
-.4448-03 
-.3099-02 
-.2106-01 

.7252-02 
-.4044-03 

C(   2} 
-.3967*04 

.9066*04 
-.3991*03 

.6393*06 

.2464*06 
-.7417*09 

.3647*02 
•.5094*01 
,4280*03 
.4814*02 
.1864*03 
,2976*03 

W DOT 
.2489-00 
.3222-01 

-.2719-01 
,1847*02 
.9829*01 

-.2934*01 

C( 3) 
.1974*05 
.4311*04 
.6727*05 
.2329*06 

•.7570*06 
.3606*05 

P 
.3224*03 
.8979*03 
.9451*03 
.8129*05 

■.4231*04 
.1569*04 

P DOT 
•.1929*02 
•.7042-00 
.2503*01 
.3037*04 
.1247*04 

-.4584*03 

n 4> 
-.3372*03 
,1258*05 
.1620*02 

-.2067*05 
'.1706*03 
'.3820*06 

.1190*04 
-,6789*02 
,6619*03 
.6919*04 
,9869*09 
,8030*04 

0 DOT 
.1748*01 
,1690*02 
.5844*01 

'.1170*04 
.3059*04 
.1204*03 

C(  5) 
•,1651*05 
.1404-01 
.1518*04 

-.1608*05 
.1902*05 

-.1908*03 

R 
.1079*03 
.1*14*04 
.6440*03 
.6343*04 
.2048*04 

'.4021*09 

R DOT 
.1600*01 
.5432-01 
.1937-00 

-.2522*03 
.1043*03 
.4670*02 

THE  INERTIA TENSOR 
,1180*09 

-.8421-06 
.3999*04 

.8421-06 

.9000*05 

.7933-07 

.3599*04 
,7933-07 
.5470*05 

TRIMMED VELOCITIES WITH RESPECT  TO OVERALL VEHICLE REFERENCE  AXES' 

U V 
.1684*03    -.3725-08 

W P Q R 
.1403*02    -.0000 .0000 -.0000 

TRIMMED   ITERATION CCLUMh VECTOR,   TE- 

,1073*00       .5612-02    -.9721-03 

STABILITY  AXIS SYSTEM EULER  AWCLES- 
AIRCRAFT   INERTIAL SPEED«     .1690*03 

.1199-01    -.5221-01    -.5821-02 

THETA«  -.1353-00      PHI   -.5867-02 
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DEK'OMTNATOR CHARACTFRISTK, 
ROOTS 

REAL IMACIKARV 
PART PART 

-.2494-01 .0000 
-.9564'»'01 .0000 
-.4314-00 ,1492*01 
-.4314-00 -.1492401 
.7332-01 .0000 

-.1502*01 .5799-00 
-.1502*01 -.5799-00 
-.1291-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS THAN 1.0E-7 TIMES THE 
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE CAIN) 

X( 1)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN»   .7003*02 

BODE GAIN ■  .1394405 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2176-01 .0000 
-.9566*01 .0000 
-.734fl-00 .?747*01 
-.7348-00 -.2747*01 
-.4348-00 .1483*01 
-.4348-00 -.1483*01 
-.6990-00 .0000 
.1286-11 .0000 
.1166-06 .OOdO 
.0000 .0000 

16? 

/ 



X(   ?)-TO-C{   1)   NÜMFWATOr< 

ROOT   LOCUS   CAIN«        .7/7**0). 

BODF.   r.AIK   =     -.3Ü16*U4 

ROOTS 

PAPT 
-.9097-01 
.1742-01 
.174?-01 

.1680-00 

.1680-00 

.4974-»'01 

.3453-07 

.0000 

.oono 

I^ACINAPV 
PA«T 

.0000 

.2117-00 
-.?117-Ü0 

• 0000 

.4J65->0!'. 
-.406&-fOl 

.0000 

.nono 

.nooo 

.ooon 

X(   3)-T0-C(   1)   NUMERATOR 

ROOT LGCU5  GAIN«       .34b5>*ti3 

BODE  GAIN   •        .2191-01 

ROOTS 
NOT REPRODUCIBLE 

PEAL 
PAPT 

-.5b92-05 
•.96*6*01 
-.2230-01 
•.8670-01 
•.867n-01 
.394p*01 

-.4202-00 
•.429?-op 
.coon 
.corn 

IMAGI\/.Pv 
PAPT 

• 0000 
.noon 
.oooo 
.2647-0^ 

-.2647-0f 
,0000 
•1487*01 

-,l4t'/*ni 
.noon 
.nenn 
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»POT LOCUS r.AlM      .ioi>c*rv 

Ben»   TA:»; z      .iiii-n« 

ROOTS 

nCAU 
PART 

-.10fiO*00 
-.in-'>n*nr; 

.2Mr.-or 
-,9,i>:3-00 

.onco 
-.2215-0$ 

,6i>19-0ri 

IMACIKAP* 
PAKT 

.OOCP 

.1*45*01 
-.144»5*01 
.t'OCC 
.13C1*01 

-.1301*01 
.ccro 
.0000 
.0000 
.0000 

X< 5>-T0-C( 1) NUMERATOP 

ROOT LOCUS rAIN1»  -.1161*C2 

BODE GAIN '   ,2745-00 

ROOTS 

tffl 
&** 

0^V ̂  

fif M INACIMHV 
P/f?T PAkT 

.6200-02 .0000 

.99SQ*ni .COOD 

.43?0-C0 .1*B9*01 

.43?ri-0C -.l«b9*Cl 

.iri^*fi3 ,noco 

.6i>r7-ni .occo 

.334?i-ni .ocrr 

.3i?9-nft .ncor 

.4191-07 .T'OCC 
•   !  ■  k-         Li .rorr. 

' 
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■ 

'   m 

ti   6)-T0-C( 1) NU^ERATOW 

ROOT LOCUS GAIN»  ,4Dlrt-Cl 

BODE GAIN ■  -.4679*02 

«00T8 

«EAL IMAGINARV 
PART PART 

.2234-00 .0000 

.1879-00 .0000 

.1505-00 ,4475-00 

.1505-00 -.4475-00 
,163**03 .0000 
.1926-00 .327i*01 
.1928-00 -.327l*01 
.9313-09 .0000 
.0000 .0000 
.0000 .0000 

X( 1>-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN«  .1117*02 

BODE CAIN •   .7353'*-04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.922S-07 .0000 
-.6259-00 .0000 
-.3443-01 .ooon 
-.4095-00 .1466*01 
-.4095-00 -.1466*01 
-.9516*01 .0000 
-.1457*01 ,4112*01 
-.1457*01 -.4112*01 
.3000 .0000 
.0000 .nooo 
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X( 2)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN" -.ie35*Ü2 

BODE CAIN •  .2120*04 

ROOTS 

REAL IMAGINARY 
PART PART 

.4969*01 .0000 
-.1470-00 ,0000 
-.2472-00 ,0000 
-.6174*02 ,0000 
-.3e89*01 ,0000 
-.1213*01 .1916*01 
-.1213*01 -.1916*01 
.0000 • 0000 
.0000 ,0000 
.0000 ,0000 

XC 3)-T0»C( 2) NUMERATOR 

ROOT LOCUS CAIN»  ,1126*01 

BODE GAIN > -.1797*04 

ROOTS 

REAL 
PART 

.1060-09 

.9484*03 
,3262-01 
•.6732-01 
.6732-01 
.6966*01 
,4191-00 
.4191-00 
.0000 
.0000 

IMAGINARY 
PART 

,0000 
,0000 
• 0000 
,2006-00 

-,2006-00 
,0000 
,1499*01 

-,1499*01 
,0000 
.0000 

v X 
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X( 4)-T0-C( 2) NUMERATOR 

«OOT LOCUS GAIN« -.7501402 

iOOE CAIN ■  -.1349-04 

ROOTS 

REAL 
PART 

-♦2528-01 
•.4278-00 
-.4278-00 
•.1523*01 
•.1523*01 
'.1202*00 
.5913-01 
.2381-05 
.2874-08 
.4657-06 

IMAGINARY 
PAHT 

.0000 

.1467*01 
-.1467*01 
.4733-00 

-.4733-00 
.0000 
.0000 
.0000 
.0000 
.0000 

X( 5)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN* -.7299*01 

BODE CAIN ■  -.2442-00 

ROOTS 

REAL 
PART 

-.9861-02 
-.9861-02 
-.5995*01 
-.4223-00 
% 4223-00 
•-9192-00 
-.7929-01 
'.2490-07- 
.2118-07 
.0000 

IMACINARV 
PART 

.1879-01 
-.1870-01 
.nooo 
.1491+01 

-.1491*0! 
.0000 
.0000 
.0000 
.0000 
.nooo 
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X( 6)-T0-C( 2> NUMERATOR 

ROOT LOCUS GAIN»   ,69lfi*Di 

BODE GAIN ■   .4162+02 

ROOTS 

«EAL 
PA^T 

.5994-01 
-.1198+QO 
-.8750-00 
-.2fi5l*01 
-.9947-00 
-.9947-00 

.1159*01 

.1071-07 

.0000 

.000G 

IMAGINARY 
PAHt 

.0000 

.0000 

.0000 

.0000 

.1763*01 
-.1763*01 

.0000 

.0000 

.0000 

.0000 

t v- 

^ 
»« 
Ä« .\« & 

v> 
■ 

X( 1)-T0-C( 3) NUMERATOR 
■ 

■ 

ROOT LOCUS CAIN* -.3943*02 • 

BODF GAIN «  -.1647*05 
■ 

ROOTS 

REAL IMAGINARY 
PART PART 

-.208«-ni .0000 
-.6537-00 .OCOQ 
-.4325-00 .l<fl2*01 
-.4125-00 -.14B2+01 , 

-.9569*01 • 0000 
-.4701-00 .432^01 
-.4701-00 -.4323*01 
-.1495-06 .nooo 
.0000 .0003 
.0000 .0003 

, 
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Hi   2)-T0-C( 3) NUMERATOR 

rtOOT LOCUS GAIN«  -.9386+Ü1 

•ODE GAIN «   .4410*04 

ROOTS 

REAL IMAGINARY 
PART FART 

-*1064*00;     ,0000 
.6004-01      .1974-00 
.6004»0t -.1974-00 

-,3251*02      .0000 

•JIJJ*01      .4135*01 
.2474*01     -.4135*01 

.0000        ,0000 
!2iJ"09    »oooo oooo       ,0000 
0000 ,0000 

XC 3)-T0-c( 3) NUMERATOR 

«OOT LOCUS GAIN« •,.t385*03 

■ODE 6AIN «  ,4350*04 

ROOTÖ 

«EAL IMAGINARY 
PART pART 

-.2171-01 ,0000 
.1732*02 ,0000 

:*tiiVii :2"^oo 
-.6203-01 -.2130-00 
-,9946*01 ,0000 
-.4297-00 .1466*01 
-.4297-00 -.1486*01 

•0000 ,0000 

. oooo ,0ooo 
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\ 

X( ^)-TO-C( > -v'JMERATO* 

ROOT LOCUS CAIN«  -.2961*02 

BODE GAIN ■  -.4617-04 

ROOTS 

REAL 
PART 

•.2S28-01 
•.2653-00 
•.2653-00 
.1534-00 
•.1256*01 
•.1256*01 
.1835-00 

•. 4682*05 
.3566-06 
.3725-08 

IMAGINARY 
PART 

.0000 

.1505*01 
-.1505*01 
.0000 
•1114*01 

-•1114*01 
• 0000 
• 0000 
• 0000 
.0000 

X( 5)-T6-C( 3> NUMERATOR 

ROOT LOCUS CAIN"  ,1531*02 

BODE CAIN > -.4250-00 

ROOTS 

REAL 
PART 

.7550-02 
-.1032*02 
-.4319-00 
*.4319-00 
-.9306-00 
-.6215-01 
-.3626-01 
.7916-08 
,7916-08 
.0000. 

IMAGINARY 
PART 

• 0000 
• 0000 
•1488*01 

-•1488*01 
.0000 
.0000 
.0000 
.5703-07 

-.5703*07 
.0000 
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X( 6)-T0-C< 3) NUMERATOK 

ROOT LOCUS GAIN«   .1380*01 

BODE CAIN «   .72444-02 

HOOTS 

REAL IMAGINARY 
PART PART 

,1360-00 .0000 
-.1838-00 .QOCO 
-.2052-00 .5379-00 
-.2052-00 -.5379-00 
•.1779*01 .3736*01 
-.1779*01 -.3736*01 
,4565*01 .0000 
.0000 .0000 
.0000 .0000 
,0000 .0000 

X( l)-TO-C( 4) NUMERATOR 

WOT LOCUS CAIN"   .7483-00 

BODE GAIN > -.3027*03 

HOOTS 

REAL IMAGINARY 
PART PAST 

-.2371-06 .0000 
-.9543*01 .0000 
-.6563-00 • noco 
-.7273-01 ,1603-00 
-.7273-01 -.1600-00 
-.3460*01 .1419+01 
-.3460*01 -.1419*01 
.2111*01 .0000 
.0000 .0000 
.0000 .0000 
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X( 2)-T0-C( 4) NUMEWATOW 

ROOT LOCUS r.AIM -.25»9ft*02 

BODE CAIN «   .1«49*03 

ROOTS 

REAL IMAGINARY 
PART PART 

,9736-02 .0000 
.45834>02 .0000 
,9450*01 .0000 
.1505*01 .5970-00 
,1505*01 -.5970-00 
,1289-00 .0000 
,7437-01 .0000 
.0000 «0000 
.0000 ,0000 
.0000 «0000 

X( 3>-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«  -.2706*01 

BODE GAIN '  .6863*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.7366-01 .7693-01 

.7366-01 -,7693-01 

.2085*03 .0000 

.1388-00 ,3519-00 

.1388-00 -.3519-00 
,2567*02 ,0000 
,4126*01 .0000 
.OCOO .0000 
,0000 .0000 
,oonn ,0000 
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X( 4)-T0-C{ 4) NUMERATOR 

«OOT LOCUS CAIN«  -.7325-00 

BODE GAIN ■ -.8197-00 

HOOTS 

REAL IMAGINARY 
FART PART 

.4600-06 .0000 

.12164-02 .0000 

.7098-01 .0000 

.0000 ,0000 

.2300*01 .0000 

.1424*01 .6264-00 

.1424*01 -.6264-00 
«1302-00 .0000 
.2528-01 .0000 
.1956-07 .0000 

X« 9>-T0-C( 4) NUMERATOR 

«OOT LOCUS CAIN«  -.3147-01 

•OOt 6AIN >  .3932-01 

«00T8 

REAL 
PART 

•.1644-01 
•.1644-01 
,1949*02 
•.1799-00 
•.1799-00 
•.4904*01 
•,5237-00 
.2401-07 
.6462-06 
,3440-06 

IMAGINARY 
PART 

.6376^01 
-.6376-01 
,0000 
.2016-00 

-,2016-00 
,0000 
,0000 
.0000 
,0000 
,0000 

 . 
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X(   6)-T0-C<   4)   NUMERATOR 

ROOT  LOCUS  GAIN«        .7044^01 

BODE  GAIN >     -.6020401 

ROOTS 

REAL IMAGINARY 
PART PART 

.7155-01 .0000 
•1301-00 IOOOO 
.9418*01 .0000 
.1505*01 ,5971*00 
.1505*01 -.5971-00 
.3938-01 .2258-00 
.3938-01 -.2258*00 
.5093-10 .0000 
.0000 .0000 
.0000 .0000 

XC   1>-T0-C(   5)  NUMERATOR 

ROOT LOCUS GAIN"       .3400*02 

BODE  GAIN  «       .3724*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1819-01 .0000 
-.9565*01 .0000 
-.4327-00 .1494*01 
-.4327-00 -.1494*01 
-.1402*01 ,8359-00 
-.1402*01 -.8359-00 
-.1379-00 .0000 
-.2615-11 .ooor 
.0000 .0000 
.0000 .0000 
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Ä( 2)-TC-C( 5) NUMERATOP 

ROOT LOCUS GAIN"   .9100-0? 

BODE CAIN • -.1593+03 

ROOTS 

REAL IMAGINARY 
PART PART 

'.1272-00 .0000 
.6051-02 ,2694-00 
»6051-02 -.2694-00 
.2202*04 .0000 
.3023+01 .2958+01 
.3023+01 -.2956+01 
.6787-00 .0000 
.0000 • 0000 
.0000 .0000 
.0000 .0000 

Xt 3)-T0-C< 3) NUMERATOR 

ROOT LOCUS CAIN* -.3146401 

BODE GAIN *  -.9606+02 

ROOTS 

REAL IMAGINARY 
PART PART 

.1919-01 .0000 

.2171+02 .0000 

.1194+02 .0000 

.4312-00 .1486+01 

.4312-00 -.1486+01 

.2416-00 .0000 

.1529-00 .0000 

.oono .ococ 

.0000 .0000 

.oono .oooc 
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M| 

X( 4)-T0-C( 5) NUMERATOR 

ROOT LOCUS GAIN«   .1943401 

BODE CAIN »  -.1641-04 

ROOTS 

REAL 
PART 

-.2532-01 
-.3716-00 
-.3716-00 
-.I3e7*01 
-.1387*01 
.1343-00 

-.1309-00 
.0000 
.4392-04 

-.4373-08 

MAGINARY 
PART 

.0000 

.1475*01 
-.1475*01 
.8440-00 

-.A440-00 
.0000 
.0000 
.0000 
.0000 
.0000 

X( 5>-TO-C< 5) NUMERATOR 

ROOT LOCUS CAIN«  -.3533-00 

BODE GAIN «   .1608-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.6332-02 .0000 

.1161*02 .0000 

.4332-00 .1*87*01 

.4332-00 -.1467*01 

.9466-00 .0000 

.1246*00 ,ocoo 

.3089-01 .0000 

.5539-07 .0000 

.1535-07 .0000 

.0000 .0000 
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11 

X(   6)-T0-C(   5)  NUMERATOR 

ROOT  LOCUS  CAIN"     -.1416-00 

BODE CAIN ■     -.27414-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.«924-06 ,0000 
-.4440-00 .6432-00 
•,4440-00 -,6432-OC 
-.1310-00 .0000 

.1236*00 .0000 
-.2042*01 ,2760*01 
-»2042*01 -.2760*01 

,2346*01 .0000 
,0000 .0000 
,0000 .0000 
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VIII. LOW-ALTITUDE Tu 

INTRODUCTION " 

REPRESENTATION 

This Part sunmarizes some of the recent observations of  
the atmospheric environment pertinent to V/STOL aircraft. A number 
of formulas for wind-shear and turbulence parameters have been 
gleaned from the references and are presented here. In many cases, 
however, the data were obtained under special environmental or 
climatic conditions. Estimating the Influence of temperature, 
wind speed and direction, seasonal and geographic variations, 
elevation, stability, etc., on the various parameters is presently 
a formidable task. A massive program of data collection and 
analyses will be required before any degree of confidence can be 
assigned to the various meteorological descripters. Wind shears 
can reverse direction (see Reference 3) - & phenomenon which 
cannot be explained by present theoretical or empirical relation- 
ships. Consequently, in using the relationships herein, one 
should expect results that are, at best, qualitatively significant. 

The principal conclusion formed after surveying the data 
presented here is that satisfactory data are conspicuous by their 
absence, and that published empirical relationships that have been 
used to fit the limited available data are in forms which are incon- 
venient for flight control system analysis. 
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.-^»^•Kf-lVj»^' V ■■■■ 

WIND PROFILES NEAR THE GROUND 

Much of the recent progress In understanding the wind 
(and temperature) distribution is due to the Monin-Obukhov 
similarity theory (Reference 1). This theory states that there 
exists, near the ground, a velocity U», a length L, and a tem- 
perature T» that are essentially invariant with height. When 
the principal variables are divided by these quantities, a series 
of nondimenaional quantities results that is of general validity 
in the boundary layer. The variables are defined as follows: 

a. Friction Velocity   U* ■ Jx/p independent of Z 

b. Scaling Length L - ü»3 C pT/kgH, k « .4 

c. Scaling Temperature  T» ■ -H/kU* C p 

From this theory a number of conclusions are reached on the basis 
of dimensional analysis. While many of the results are realistic, 
others are somewhat misleading or incorrect. 

1. 
The Richardson number represents the ratio of buoyant force 

to the shear and, as such, is a measure of the local stability of 
the atmosphere. The stability regions, in turn, have a significant 
effect on the wind profiles and statistical properties. The 
gradient Richardson number R., which is easily measured, is usually 

used in preference to the traditional Richardson number R.. 

defined as 

It is 

£39 
e 5z '(BJ 

r, is orthogonal to the wind direction and for horizontal 

Winds is parallel with Z.    The potential temperature,  e, is defined 
by 

edZ * TdZ " c-  p dZ 

R/C such that T/e « Const (p)    'p.   Linearized theory states   that the air 

is unstable and turbulent if R. < 0,  stable if R.  >£, and possibly 

unstable if 0 < R^^ < ^. 
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For V/STOL approach conditions, the Richardson number can 
be assumed negative and negligibly small. This corresponds to 
instability with strong winds overhead, the two conditions which 
produce the greatest turbulence. 

2. Velocity Profile« According to Panofaky 

For Neutral Air 

v 2! i« z + zo      av   u* Vcrlll"T-"  az • K(Z + z ) 
o v   o 

Near Neutral Conditions: 

For small Z/L, Z >> Z 

R^ = 
Z/L1 

1  1 + ß1 Z/L 

where 

L1 =^L   ß' -4.5 

K = U*2/ |S  (Eddy viscosity) 

K. = - H/C p || (Eddy conductivity) 

Free Convection: 

-1   k 

5z " K ̂ #1 
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Unstable Air (Neutral Equilibrium - Free Convection): 

V Ü* /in  Z     I.   -L\ 

where ^ is determined from R. by graphs (Lumley and Panofsky, page 

113). 

Stable Air: 

0 L        L        1  - ß R. 
— < .3     4.5 <ßl <7 

R1 - .1 

The wind profile may be complicated above Z/L1  > .3 (See Reference 
1, page 118) 

.    Caloulatlon Aeeardina to Skelton 
anofsky's formula. 

3 
ftuao 

u (z) -Y 1° (z/z0) " ♦ 

is valid for all thermal stability conditions for the first few 
meters of the atmosphere. One must choose a reference altitude 
Z ,  the velocity u (Z ), a roughness .length Z ,  and the Richardson 

number R. at that altitude. After calculating U* and L (via 

graphs), they are assumed constant with altitude. 

For neutral air - the condition which produces the greatest 
turbulence, R. = 0, and 

U (Z) -^ in (Z/Zo) 

The roughness length, Z , will be assumed to vary tram  .03 

to 5 meters. The probability distribution at 9.1 m altitude with 
a roughness length of .03 m is assumed to be that obtained by 
drawing a straight line on normal probability paper between k m/s 
at .5 likelihood and 12m/s at .01 likelihood (Reference 5). At 
any other altitude, Z < 100 m, 
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u(z) .U(9 1)   (^-j 
.12 

| Expansion of U (Z) £ - H) 
where the exponent can vary between .12 for smooth terrain and .38 
for rough terrain. Hence f 

Prob ju(Z)<oj -Prob  U(9.l) < a(^")  [ 

For the lowest few meters of the atmosphere where the above 
expansion Is Invalid, p > l/ln (Z/Z ).    This Is approximated by 

P (Z0) - .9/(1 ' In Zo) 

and the wind profile Is 

ü(z) .u(z1) lf\ ; V P (Z0) 

The wind probability distribution at 100 m will be assumed to be 
the same everywhere.  if we take the mean airspeed at 9*1 meters 

to be U = 4 m/sec for smooth terrain, the mean airspeed at 100 
meters Is 

Ü (100 m) . l^—j   xk m 5.33 m/sec 

Assuming that the 100 meter value applies for both smooth and rough 
terrain, we obtain for rough terrain at 9.1 meters 

n^-fe) .38 
x 5.53 - 2.15 m/sec 

Below 9.1 meters. 

u(z) .u(9.i)(^T) 
^ - In Z 
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The principal results of Reference 3 are: 

a. The mean wind speed was reduced at all elevations in 
the city by the increased roughness. 

b. At neutral stability (R, ~ 0), the maximum value of U* 

is the same in city and country. 

c. The city influence is more noticeable for stable rural 
conditionsJ U* io then greater in the city. 

d. City stability is always less than rural stability. 

e. Reynolds stress varies significantly with height in 
both city and country. 

f. All o /U*, o /\J*,  and o /u* measurements are comparable 

to those obtained elsewhere. 

9, QflMMll 
Test data (e.g., Bowne) show considerable scatter; 

consequently, results are qualitative at best. Slight changes in 
wind direction or in temperature can have profound effects on 
measured results. For example, the wind shear can be constant with 
altitude. At higher temperatures, the Bowne data show reversals 
or highly variable wind profiles. 

TURBULENT FLUCTUATIONS 

The  relationship between the longitudinal, lateral, and vertical 
spectra and the elevation, stability, and ground roughness is not 
accurately known at present. Available data is limited and the 
similarity theory is useful in only a limited sense. 

1. Turbulenea flealai 
Horizontal scales increase linearly with altitude. No 

information exists on the effect of wind speed except for very low 
speeds where the scale is unaffected. Ratios of the variances are 
approximately 

VW"* ^.8/2.0/1.3/1.0 

These values are chosen by Skelton together with the assumption that 

the covariances E(UV) and E(VW) are zero. Since U* is the negative 
of E(UW) (see Reference 2, page l6),the correlation matrix can be 
given approximately as 
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n v vill - .4 p(Zo) U (Z) 

7.8   0 

0       k 

-  1 

2. Ywiiagt 9t Ytrtlcrt maaUBL 
From dimensional analysis, 

w 
A k V h'CZ/L*) 

In Z/Zo - ♦(Z/L') 

1 

0 

1.7 

where A and h are to be determined, preferably from data. In 
neutrally stable air, the expression 

.4 A V 
0w " InzTzT y161^ A « 1.05 (experiment) 

» n 

In unstable air, a Increases slowly with Increasing height; In 

stable air. It decreases upward. 

from test results, 

ov - .03 V
5/2 or .07 V?/2 at 11 meters, stable air 

The standard deviation Increases with Increasing wind speed at 
constant stability. It is much larger in unstable 41r. Vertical 
variation and surface roughness are of little influence. Data in 
unstable air show enormous variability. 

k.   Variance of IflMUBtflM^ Valocitv 
The properties of longitudinal gustiness are indeterminate, 

in general. It is assumed that 

o » CU» 

where C is independent of height but Varies witJi terrain. With 
the approximation C » 2.^ 

W 0u * jn z/z      (near neutral air) 
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9. ftp^otwi 
Vertical Velocity 
The scale increases with height, but the spectrum is 

Independent of height up to a few hundred meters. A decrease in 
staoility and Richardson number shifts the spectrum to lower fre- 
quencies. A suggested spectral shape is 

nS (n) -o 2 -ES*  
W (l + f/f  )2 V   ' max/ 

Lateral Velocity 
The spectrum is independent of height, at least under 

neutral and unstable conditions. Increasing instability greatly 
increases the low^ftrequency portion of the spectrum, but has no 
effect on the high-frequency portions. The high-frequency portions 
are sensitive to roughness and wind speed. A number of spectra are 
shown for varying ronditions in Reference 1. 

Longitudinal Velocity 
Low frequencies are affected by stability somewhat imore 

than high frequencies; the low-frequency portions increase with 
decreasing stability. The scale of longitudinal velocities is 
not proportional to height. One approximation to measured spectra 
(at 10 meters elevation) is 

nS (n) - k,0 U»2 
u 

.JZEZT 
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A number of spectral plots are Illustrated on pages 168 - 183 
of Reference 1. Two of these are reproduced helow: 

0.03 

0.02 

t 

0.01 - 

Figure 1.    Spec tram of Longitudinal Velocity at 91 m 
at Brookhaven, Divided by   Square of Wind 
Speed at 11 m.    (According to Panofsky and 
Deland,  1959) 

0.016 

'              1 '      1 

- 

£0.012 

eg 0.008 --A ^ - 

0.004 
^^^ 

A 
>^__.  —   ^      1 

10 100 1000 
meydM/hr. 

Figure 2. Typical Spectra of Lateral Velocity at 
O'Neill, Divided by Square of Wind Speed 
at 2 m. Upper curve, daytime; lover 
curve, nlgbt with gradual fluctuations 
of wind direction. 
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b. Gaps in Knowladg« 

Gust Intensities depend on thermal stability, roughness 
and the mean wind. Statistical data on only the latter are avail- 
able. 

The effects of altitude on probability distributions of 
mean winds and wind shears are not known, and one cannot deduce 
gust intensities and severity. 

The form of spectra (and cospectra) in other than the down- 
wind direction and their dependence upon stability, wind speed and 
wind shear are not known. 

It is difficult to determine the validity of the various 
models for high-wind-speed and/or high-turbulence-lntensity 
conditions. 

7. 

a. 

b. 

Me«ur«d Variatlcn» Between Rural and Urban Areas - Bewag 

The average turbulence intensity was higher in the city 
than in the rural area, but usually decreased more 
rapidly with height. 

Slopes for the high-frequency portion of the three 
component spectra were very close to the theoretical 
- 5/5 prediction. 

The lateral and longitudinal spectra, V and U, were not 
too different in the two regimes. 

CONCLUSIOHS 

1. The available data are limited in quality and are presented 
in forms which are intended for ease of correlation with 
various meteorological theories. Unfortunately these forms 
are inconvenient for aircraft flight control analysis, where 
one would prefer power spectra expressed as factorable 
functions of the frequency variable, plus simple wind-shear 
descriptions. 

2. Extreme variability of wind-shear profiles is common, and 
profile reversals should be included in test conditions for 
flight control design criteria. 
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